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REPORT 


OF  THE 


WATtK  mm  COilMiSSlON  OF  PENNSYLVANIA. 


Office  of  the  Water  S5iipyly  Coiiiiiiissiun, 

Uarrisburg,  December  31,  11)07. 

To  the  Honorable  Edwin  vS.  Stuart,  Governor  of  the  ( ’oinmonwealth 
of  Pennsylvania: 

To  the  Members  of  the  Senate*  and  the  House  of  Kepresentatives 
of  the  Commonwealth  of  l*ennsylvania : 

In  compliance  with  the  provisions  of  the  Act  of  the  Ge-neral  As- 
sembly of  May  4th,  lOOd,  we  have  the  honor  to  submit  lierewith  tJie 
report  of  The  Water  Supply  Commission  of  Pennsylvania,  for  the 
year  1907. 

Section  1 of  the  said  Act  provides: 

For  the  creation  of  the  NVater  Suj)])ly  Commission  to  consist  of 
five  members,  three  of  whom  shall  be  appointed  by  the  Governoi', 
and  the  two  remaining  members  of  the  Commission  shall  be  tin* 
Commissioner  of  Forestry  and  the  Commissioner  of  Health,  to  lx* 
called  and  known  as  The  NVater  Supply  Commission  of  Pennsylva- 
nia. 


Section  3 of  said  Act,  among  other  things,  stipulates  as  follows: 

"It  shall  be  the  duty  of  the  Commission  to  lu-ocure,  as  sjx'edily 
as  may  be,  all  the  data  and  facts  necessary  to  advise  them  thoroughly 
of  the  situation  of  the  water  sup])ly  of  the  State,  and  adojit  such 
ways  and  means  of  utilizing,  conserving,  purifying,  and  distributing 
such  water  supplies  in  such  a way  that  the  various  communitii's  of 
the  State  shall  be  fairly  and  ecpiitably  dealt  with  in  such  distribu- 
tion: Provided,  however.  That  the  local  distribution  of  wal(*i'  within 
the  limits  of  an  incorpoiat(*d  village,  town  or  city  is  not  to  fall  with- 
in the  jurisriction  of  this  Commission.’' 

Section  5 of  said  Act  is  as  follows: 

“Hereafter  no  letters  patent  shall  be  issued  to  any  company  de- 
siring to  be  incorporated  for  the  ])urpose  of  supplying  wat(*r  to  the 
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public,  in  any  comninnity  in  the  Coninionwealtb,  until  said  applica- 
tion is  tirst  submitted  to  and  has  received  the  approval  of  a major- 
ity of  the  said  Water  Supplj'  rommission.” 

Doling  the  year  there  have  been  forty-two  a])plications  for  char- 
ters for  water  or  Avater  pow(*r  companies  itresented  to  the  Commis- 
sion, of  which  thirty-two  have  received  their  approval  and  that  of  the 
( iovernor. 

The  Legislatung  by  the  act  of  June  7th,  1!)07,  extended  the  juris- 
diction of  this  Commission: 

first,  by  re(juiriug  all  aitplicatioiis  for  charters  for  water  and 
water  power  companies  to  state  the^river,  streiam  or  other  body  of 
water,  from  which,  and  the  ])oints  on  same  at  which,  it  is  proposed 
to  take  or  use  water  or  water  powei'. 

S(‘coud,  by  reipiiring  all  agreements  of  nu'rger  and  consolidation 
between  water  companies  and  between  water  ])OAver  companies,  or 
for  the  pui'chasc*  of  the  jiroperty  and  franchises  of  other  water  and 
water  ]H)W(*r  comjianies,  to  designate  and  limit  their  source  of  sup- 
I)ly,  in  the  same  manner  as  original  applications  for  charters,  and 
to  surrender  the  right  of  eminent  domain  over  waters,  and  reipiir- 
ing  agrcMMueiits  for  such  consolidations  and  nu'rgers  or  purchase 
of  ]u-oi)erty  and  franchises,  to  ri'cinvi'  the  apjiroval  of  this  Commis- 
sion. 

Third,  by  reijuiring  all  companies  subject  to  the  provisions  of  the 
said  Act  to  jirocure  the  ajtproval  of  this  Commission  before  they  can 
take  or  use  any  new  or  additional  soui-ce  of  supply. 

In  acting  n})on  all  such  ajiplications,  as  well  as  upon  applications 
for  charters,  the  Commission  is  gnided  by  a desire  to  jiroperly  con- 
serve the  Avaters  of  this  fttate,  and  to  secure  an  equitable  distribu- 
tion thei'(Mtf,  in  oi-der  that  tin*  i)ublic,  for  domestic  uses,  and  the  in- 
dustries of  the  State  for  their  uses,  may  receive  the  full  benefit  of 
the  Avaters  of  the  State. 

In  addition  to  its  jurisdiction  over  the  formation  of  water  com- 
])anies,  either  by  their  original  incorporation  or  by  consolidation, 
this  Commission  has  contium'd,  during  the  year,  to  investigate  and 
advisi*  its(*lf  upon  the  status  of  existing  Avater  companies,  and  such 
of  the  results  theivof  as  are  considered  to  be  of  interest  to  the  pub- 
lic, are  contained  in  the  following  jiages. 

In  procuring  the  data  and  facts  necessary  to  advise  it  of  the  sit- 
uation Avith  regard  to  the  Avater  supply  of  this  State,  and  for  the 
purpose  of  utilizing,  conserving  and  equitably  distributing  the  same, 
many  problems  have  confronted  the  Commission.  Every  inhabitant 
and  eAmry  manufacturing  or  industrial  establishment  requires  wa- 
ter in  large  quantities,  and  in  vieAv  of  the  constant  increase  in  pop- 
ulation, the  necessity  for  Avater  is  steadily  groAving.  Notwith- 
standing this,  however,  influences  are  at  work  which  reduce  the 
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available  supply,  and  stream  flow  is  becoming  more  irregular,  many 
streams  now  carrying  less  water  during  the  summer  uiontbs  than 
toimerly. 

In  order,  therefore,  to  properly  conserve  the  waters  of  this  State, 
this  Commission  has  been  engaged  upon  investigiatious  which  may 
inrprove  (‘xisting  conditions.  The  topographic  and  hydrographic 
features  of  the  State  have  been  carefully  studied,  and  tlie  result  of 
the  investigations  of  the  Commission  ujion  this  subject  are  r<‘ported 
herein,  showing  the  mitural  basins  and  sub-basins  of  the  State,  to- 
gether with  the  area  drained  by  each. 

One  of  the  causes  which  lessens  the  available  water  supply  is  de- 
foi'cslation,  and  the  results  of  the  work  of  this  Commission  show 
that  stream  flow  is  more  irregular  than  formerly,  and  the  value  of 
the  streams  to  the  Commonwealth  greatly  decreased  for  this  rea- 
son. The  investigations  of  the  Commission  on  this  subject  demon- 
sti-ate  that,  in  order  to  preserve  the  present  value  of  our  streams, 
active  stei)s  must  be  continued  to  protect  and  preserve  the  existing 
forest  lands  of  the  State,  as  well  as  to  reforest  those  districts  which 
have  been  denuded  of  the  timber  laud. 

The  effects  of  floods  upon  the  streams  of  this  State  have  been 
given  careful  consideration  by  this  Commission,  and  wherever  pos- 
sible flood  conditions  have  been  carefully  studied.  The  control  of 
floods  is  closely  allied  with  and  inteide[K*ndent  upon  the  deveh.ji- 
ment  of  water  power,  and  the  results  of  the  investigations  of  this 
Commission  on  these  subjects  are  set  forth  in  detail  in  the  following 
pages.  Flood  influences  may  be  ameliorated  by  I’eforcslation  of  tin' 
denuded  forest  areas  of  the  State,  by  the  construction  of  extensive 
storage  reservoirs  for  excess  waters,  and  by  the  straightc'ning, 
widening  and  deepening  of  the  channels  of  streams.  The  interest 
recently  taken  in  inland  navigation^  to  effect  which  would  necessi- 
tate the  erection  of  numerous  dams,'  and  the  revival  of  the  use  of 
water  as  power,  may  aid  in  protecting  the  streams  of  this  State 
against  flood.  Through  whatever  means  such  results  arc*  accoiii- 
plished  the  effect  wdll  be  both  a decrease  in  the  damage  to  pro]i- 
erty  and  also  an  increase  in  the  available  wat('r  supi)ly.  The 
larger  streams  of  this  State  may  not  yet  have  reached  tin*  condition 
where  conservation  of  the  waiter  in  reservoirs  for  sup])ly  purposes  is 
necessary,  but  provision  must  be  made  by  means  of  reforestation  and 
reclamation  of  streams  which  are  now  umh'sirabh*  for  use,  to  keep 
the  su]iply  at  its  present  capacity. 

The  legislation  of  1907,  preventing  the  damming  or  obstructing 
of  public  or  navigable  streams  without  the  approval  of  this  Commis- 
sion, has  j)roved  beneficial  in  preserving  the  stream  flow'  and  wat(“r 
supply  of  the  State,  as  well  as  in  lessening  the  possibility  of  dam- 
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age  to  property  from  siicli  streams.  Numerous  applications  have 
been  made  to  this  Commission  under  the  provisions  of  this  Act  for 
its  apitroval  to  the  placing  of  obstructions  in  such  streams,  all  of 
Avhieli  have  receivcMl  c-areful  consideration,  and  in  some  cases 
ai)proval  lias  been  granted  with  such  (pialihcations  and  under  such 
limitations  as  seemed  to  the  best  interests  of  the  State.  Oppor- 
tunity has  also  been  taken  Viy  inter(‘sted  parties  nnder  the  provisions 
of  this  Act  to  protest  against  the  unlawful  obstruction  of  streams, 
and  in  (‘adi  case  the  luotest  has  received  the  prompt  attention  of 
the  ('ommission,  villi  tin*  result  that  unlawful  and  objectionable 
obsti  iictions  have  beeJi  discontinued. 

The  following  pages  si't  forth  the  salient  features  of  the  several 
liiu's  of  investigation  which  are  being  carried  on  by  the  Commission. 

1 >escriptions  of  tin  princi}ial  rivers  are  given,  with  their  average 
slope,  noi-mal,  minimum  and  maximum  hows,  the  uses  to  which  the 
water  is  ajiplied  and  the  rainfall  in  the  State  as  a whole  and  in 
each  drainage  basin,  while  the  projiortion  and  influence  of  forests 
are  also  considered. 

Kainfall  records  at  l!So  points  have  been  collected,  checked  and 
jirejiared  for  publication.  The  measurement  of  the  discharge  of 
streams,  heridofore  prosi'cuted  by  the  ITnited  States  Geological 
Sui'vey,  has  liecn  undertaken  by  the  Commission,  and  a complete 
comjiilation  of  these  records  with  other  authentic  discharge  records 
is  being  jirepared. 

T^mh'r  the  ]uovisions  of  th.e  act  of  the  Assembly  of  Pennsyl- 
vania,  a]ipioved  Ajiril  22nd.  I!)!)."),  (m tith'd,  “An  act  to  preserve 
the  jinrity  of  tin*  waters  of  the  State  for  the  ]U'ot('Ction  of  the 
iniblic  health,'’  it  is  the  duty  of  (*very  municipal  corjioration,  pri- 
vate corporation,  company  or  individual  snpjdying  or  authorizi'd 
to  su]i]dy  wati'r  to  the  public*  Avithin  the  State,  to  tile  with  tin' 

■ Ccniinissiom'i'  of  Health  a certified  cojiy  of  the  plans  and  S'lr- 
veys  of  the  wat('r  AAOiks,  with  a descrijition  of  the  source  fi'oni 
which  th('  sujiply  of  water  is  dei'ived;  and  no  additional  source 
of  su]iply  shall  be  used  or  new  water  woi'ks  be  constructed  or 
extended  without  a written  ])ermit  In'  obtained  from  the  Com- 
missioner  of  Health,  if  in  his  judgment  the  pcopi/sed  source  oi 
sup])ly  a])]iears  to  be  not  prejudical  to  the  jmblic  health.  The 
ajiidication  for  such  pi'i  init  must  be  accompanied  by  a certified  copy 
of  the  plans  and  surveys  for  such  wati'r  Avorks,  or  extensions 
tlu'fi'of,  Avith  a (h'scription  of  the  source  from  AA'hich  it  is  proposed 
to  derive  the  supply;  and  no  additional  source  of  supply  shall  sub- 
sequently to  be  used  foi'  any  such  Avater  Avorks  Avithout  a similar  per- 
mit from  the  Commissioner  of  Health. 

Tmder  the  provisions  of  said  Act  it  is  the  duty  of  the  pub- 
lic authorities,  having  by  hnv  charge  of  the  sewer  system  of  every 
municipality  in  this  State,  to  file  Avith  the  Commissioner  of  Health 
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a report  of  such  sewer  system,  which  shall  comitrise  such  facts  ami 
information  as  the  Commissioner  of  Health  may  re(iuire,  and  no 
person,  corporation  or  municipality  shall  place  or  permit  to  be 
placed,  or  discharge  or  permit  to  How  into  any  of  the  waters  of  the 
State,  any  sewage,  except  as  specially  provided;  but  the  exception 
does  not  permit  the  discharge  from  any  sewer  system  which  shall 
be  extended  subsecpient ly  to  the  passage  of  th“  act.  V.'hcicver  the 
general  interests  of  the  }mblic  health  would  be  subserved  thereby 
and  upon  application  duly  made  to  the  Commissioner  of  Health  by 
the  public  authorities  having  charge  of  the  sewer  system  of  any  mu- 
nicipality, upon  unanimous  agreement  of  the  Covtumor,  Attorney 
General  and  Commissioner  of  Health,  the  said  Commissioner  may 
issue  a permit  for  the  discharge  of  sewage  into  any  of  the  waters 
of  the  State,  and  may  stipulate  the  conditions  on  which  such  dis- 
charge may  be  permitted.  * 

Under  this  very  comprehensive  law,  with  the  power  it  conv(‘3'S  to 
enforce  penalties,  etc.,  ami  with  ample  appropriation  for  a vigorous 
campaign  against  stream  pollution  and  for  the  construction  of  prop- 
er water  works,  including  all  means  and  measures  necessary  to 
safe-guard  the  public  health,  such  as  treatment  and  purilication 
plants,  subsidence  reservoirs,  covered  storage  basins  for  ground 
water,  etc.,  the  State  Department  of  Health  has  perfected  an  or- 
ganization which  is  well  ecpiiiiped,  and  is  in  a comprehensive  man- 
ner at  work  on  raising  the  standard  of  water  supplies  and  water 
works  in  the  hundreds  of  munici])alities  Avhere  such  systems  are  now’ 
installed  and  are  in  use. 

This  Commission  has  contined  its  labors,  so  far  as  public  w’ater 
supplies  are  concerned,  to  the  ecpiitable  distribution  of  the  wat(‘rs, 
leaving  the  purity  of  the  watcu-s  to  be  considered  and  conserved  by 
th(“  State  Departnumt  of  Health. 

Kespectfully  submitted, 

dOHX  BIRKIXBINE, 

Chairman. 

HEXRY  :\r.  BRACKEXRIDGE, 
Vice  Chairman. 

THOMAS  J.  LYXCH, 

Secretary. 

ROBERT  S.  COXKLIX, 

Commissioner  of  Forestry. 

SAISHH^L  G.  DIXOX, 

Commissioner  of  Health. 


14 


CHAPTER  I. 


WATER  COMPANIES. 

^Valel■  companies  have  always  been  considered  to  be  public  util- 
ity corporations  in  the  bigbest  sense  of  that  term,  for  tbeir  object 
is  to  supply  a necessity  wbicb  every  community  demands,  and  in  or- 
der to  insure  the  public  receiving  Ibis,  as  far  as  possible,  and  under 
the  best  conditions,  Avater  conipani(‘s  were  given  extraordinary 
poAvers.  Early  in  the  last  century  the  legislatures  incorporating 
water  comiianies  under  special  acts  Avere  inclined  to  give  them 
both  the  right  of  eminent  domain  and  the  exclusive  privilege  of 
furnishing  Avater  in  tbeir  respective  districts,  for  these  inducements 
Avere  necessary  to  procure*  capital  to  supply  such  a vital  requisite 
to  the  community.  The  Act  of  1874,  providing  for  the  formation  of 
corporations  under  a unifoi-m  biAv,  gave*  to  watei*  companies,  formee! 
tb(*rcuuder,  both  the  right  of  eminent  domain  over  land  and  mater- 
ieils  necessary  for  the  construction  of  tbeir  plants,  and  the  exclusive 
piivilege  of  supplying  the  district  in  Avbicb  the  company  Avas  lo- 
cated. This  latter  privilege  Avas  r(‘Voke‘d  by  the  Act  of  1887,  but  the 
right  of  eminent  domain  over  Avalers  was  conferred  upon  Avater  coni- 
leanies  by  the  Act  of  1889. 

These  powers,  while  alloAved  jirimarily  for  (he  beiielit  of  the  pub- 
lic, and  to  insure  it  receiving  proper  service  of  a common  necessity, 
became*,  in  course  of  time,  abused,  and  Avhat  was  intended  to  operate 
only  for  the  public  good,  in  some  instances  Avas  a public  harm.  Wa- 
ter franchises  became  a matter  of  tralhc,  and  some  water  companies 
were  formed  Avith  no  real  intention  of  supplying  the  public  demands, 
but  only  to  seize  and  hold  valuable  Avater  supplies  for  speculative 
purposes,  or  for  the  private  needs  of  individuals  or  corporations. 
This  iu'actice  Avas  folloAved  to  such  an  extent  as  seriously  to  endan- 
ger the  continuance  of  an  available  supply  of  pure  water  for  the 
legitimate  purpose  of  supplying  the  public,  and  demonstrated  the 
necessity  for  regulation  'and  snperAusion  on  the  part  of  the  State,  to 
I)revent  the  appropriation  by  individuals  or  corporations  for  private 
or  speculative  purposes,  under  the  guise  of  a Avater  company  char- 
lei*,  of  i-ights  required  by  the  citizens  of  the  (JommouAvealth.  Ac- 
cordingly, the  Legislatures  of  190.5  passed  tAvo  acts,  one  of  Avhich, 
nj)proved  April  l.H,  1905,  took  from  Avater  com])anies  the  right  of 
eminent  domain  over  waters;  and  the  othei*,  hereinbefore  quoted, 
(he  Act  of  iNIay  4,  1905,  created  the  Water  Supply  Commission  of 
rennsylvania,  Avhose  duty  is  to  adopt  such  ways  and  means  of  utiliz- 
ing, conserving  and  distributing  Avater  supplies  in  such  a way  that 
the  various  communities  of  the  State  shall  be  fairly  'and  equitably 


dealt  with,  aucl  ijrovidiug  that  tnerrafte;.’  no  water  companies 
could  be  chartered  without  the  approval  of  the  Commission. 

In  considering  the  question  of  granting  or  withholding  its  appro 
val  to  applications  for  chariers,  the  Commission  endea\ois,  in  each 
case  to  obtain  all  information  that  can  in  any  way  guide  it,  by  se- 
curing  from  the  applicants  all  necessary  maps,  plans  and  informa- 
tion; also  by  a personal  inspection  of  the  territory  to  be  supplied  and 
the  proposed  source  of  supply.  Carticular  care  is  taken  to  secure 
an  e(iui table  distribution  of  the  waters  of  the  8tate,  and  to  conhue 
their  use  to  purposes  for  which  they  are  adapted.  Under  the  Act 
of  ISTd,  and  its  supplements,  as  construed  by  Attorney  General  Car- 
son,  three  classes  of  water  companies  are  authorized  to  be  created: 

First,  companies  for  the  supply  of  water  to  the  public,  being  for 
ordinary  domestic  use: 

Second,  companies  for  the  supply,  storage  and  transportation  of 
water  and  water  power  for  commercial  and  manufacturing  pur- 
poses: 

Third,  companies  for  the  storage,  transportation  and  furnishing  of 
water  tor  manufacturing  and  other  purposes,  and  for  the  creation, 
establishing,  furnishing,  transmis.sion  ami  use  of  wmter  power 
therefrom. 

The  three  classes  authorized  may  be  modilied  by  reason  of  the 
proposed  business  of  the  corporation  after  its  formation.  Thus,  un- 
der the  second  class,  companies  may  be  formed  whose  sole  purpose 
is  to  supply  water  to  manufacturing  and  similar  establishments,  or 
it  may  be  the  purpose  of  the  corporation  to  furnish  merely  imwer. 
Uydro-electrie  companies  are  also  authorized,  under  law,  to  develop 
and  distribute  electric  power.  Under  the  third  class,  a corporation 
may  intend  to  su])ply  the  water  for  manufacturing  and  other  pur- 
l)oses,  or  it  may  merely  intend  to  supply  water  power.  Those 
formed  for  the  supply  of  water  for  manufacturing  and  similar  pur- 
poses, or  for  the  development  of  power,  may  use  the  larger  streams 
of  the  Rtate;  although  these,  as  well  as  the  small,  relativcdy  ])ur,^ 
streams,  serve  as  sources  of  public  and  domestic  supplies.  The 
Commission  is  endeavoring  to  confine  the  companies  formed  for  th(^ 
su])ply  of  water  for  manufacturing  and  similar  purposes  to  the  larg- 
est streaims,  where  this  does  not  work  a hardship. 

The  effectiveness  of  the  legislation  of  inO."),  creating  this  Commis- 
sion, in  remedying  the  evils  which  existed  i>reviously,  may  be  noted 
in  the  number  of  water  companies  formed  1)efore  and  since  its  pas- 
SiUge.  Thus,  as  against  an  average  of  about  120  companies  ])er 
year  for  five  years  preceding  the  passage  of  the  Act,  but  7 compa- 
nies were  formed  during  the  seven  months  of  1005.  following  tl.e 
creation  of  the  ommission,  .20  companies  wcua^  formed  during  t!ie 
year  1000,  and  .22  companies  during  the  year  1007. 

Table  No.  1 shows  the  number  of  companies  incorporated  each 
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year  since  181G,  tiie  increase  in  tlie  live  years'  i'minkliately  prior  to 
the  ])assage  of  the  Act  creating  the  Water  Snpply  Commission,  and 
Ihc  decreas(*  since  that  time,  being  ai)])ar(‘nt. 


TABLE  NO.  1. 

Water  Companies  Chartered  Ijy  the  Commonwealth  of  Pennsylvania,  1816-1907. 


Year. 

j 

No. 

Tear, 

1 

1 

No. 

1816.  

2 

1 

1 

0 

1 

2 

1 

1 

1 

1 

1 

3 

3 

2 

3 

2 

3 

5 

4 

2 

3 

7 

3 

4 

3 

4 

7 

3 

1 

1 

3 

6 

9 

10 

5 

IStiS 

2 

3 
5 

I 

5 

4 
3 
3 

17 

29 
50 
96 
33 
62 
41 
27 
71 
64 
38 
58 
40 
38 
3} 
50 

101 
153 
US 
116 
10  i 
*71 
17 

30 
32 

1817 

1869 

ISIS 

1870 

1811) 

1871 

ISl'l 

18<2 

181^2 

1875,  

]S2G 

187G 

1N28 

1878 

1829 

1870 

1S.12 

1S33 

188: 

183f. 

1887 

1838  

1 .^,s8 

1841 

188.)  



18110. 

181G 

1891 

1848  

1S',|2 

1811) 

1803 

181)4  ' ■ 

i8:i 

1895 

i8r)2 

i8i)f: 

1807 

1854 

1.S98 

1835 

1899 

18:() 

194H) 

1857 

1858 

lOl)-’ 

1S3» 

1003.  . . . 

1S60 

1904  . . . 

ISGl 

1905  . . 

18b2 

1905 

1S63 

ISOd 

18G4 

1907 

1SG3 

18GG 

1S6Y 

1,616 

*January  to  June.  tJune  to  December. 


Tin*  (‘tfort  of  this  Commission  in  the  aiiproval  of  applications  for 
cliarters  has  been  to  remedy  tlie  conditions  which  caused  the  pas- 
sag(*  of  tlie  Act  creating  it,  and  its  experienci*  suggested  the  neces- 
sity of  greater  ]»rotection  to  the  streams  of  the  State;  hence  on  the 
recommendation  of  the  Commission,  an  Act  was  jiassed  by  the  Leg- 
islature of  11)07  requiring  ajiplications  for  charters  for  water  compa- 
nies lo  name  the  river,  stream  or  other  body  of  water,  and  the  point 
on  the  same  from  which  it  is  jirojiosed  to  take  or  use  water.  This 
Act  limits  the  riglit  to  take  water  from  the  dicsignated  river  or 
stri'am  only,  at  the  designated  jilace,  and  reipiires  that  any  change 
in  the  source  of  siqqdy  shall  have  the  approval  of  the  Commission. 

The  original  Act  of  May  4th,  1005,  creating  the  Commission,  im- 
])osed  upon  it  the  duty  of  ajiproving  ajqilications  for  new  companies, 
bill  Ihe  Act  of  .Inne  7th,  10(17,  ]>rovides,  how(*ver,  lhat  no  water  cora- 
jianies  shall  merge  or  consolidate,  or  pnndiase  the  property  and 
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franchises  of  other  water  companies  without  the  approval  of  the  Wa- 
ter Supply  Commission;  and  that  the  companies  so  merging  and  con- 
solidating, or  so  purchasing  the  property  and  franchises  of  other 
companies,  must  accept  the  provisions  of  the  said  Act,  as  well  as 
the  Act  of  ^lay  13th,  I'JOo,  and  thereby  forfeit  and  surrender 
the  right  of  eminent  domain  over  waters;  and,  further,  that  they 
shall  also  designate  the  river,  stream  or  other  body  of  water  from 
which,  and  the  point  on  the  same  at  which,  the  water  is  to  be  taken 
or  used,  and  forfeit  and  surrender  the  right  to  take  water  from  any 
other  source.  This  places  all  such  companies,  however  old,  or 
whatever  rights  they  may  have  had,  upon  the  same  plane,  with  re- 
gard to  their  rights  and  powers,  as  companies  incorporated  with 
the  approval  of  this  Commission. 

In  acting  u})on  consolidations  and  agreements  of  purchase,  and 
also  upon  applications  for  new  or  additional  sources  of  sui)pl3',  the 
Commission  is  guided  Iw  the  same  rules  and  the  same  considerati(»ns, 
with  regard  to  motives,  the  adaptability  of  the  water  tor  the  pur- 
])Ose  and  to  eciuity  of  distribution,  as  in  an  original  applit  alion  for 
a charter. 

In  addition  to  exercising  its  jurisdicti(»n  over  the  formation  of 
water  companies  in  the  manner  pointial  out,  the  Commission  has 
also,  where  possible,  detei-mined  tin*  status  of  all  water  coinjianies 
theretofore  created,  procured  d(dinit(‘  data  as  to  their  s()uic(*s  of 
supply,  the  points  of  distribution  and  the  use  to  which  the  water  is 
put,  and  ascertained  whether  the  eoni]:an\'  is  or  is  not  in  ojieration 
and  exercising  its  public  franchises. 

To  show  the  extent  to  which  water  is  furnished  to  communities  in 
Pennsylvania,  and  the  relation  between  the  number  of  sui)plies 
owned  by  companies  and  by  municipalities,  the  following  statistics 
have  been  prepared: 

In  19(10  the  population  of  Ihmnsylvania  was.  as  determined  by 
the  United  States  b'ensus,  0,303,11“),  while  the  estimate  of  that  Bu- 
reau for  1905,  was  0.1S2T.115,  showing  a growth  at  the  rate  of  1.0  ])er 
cent,  per  year.  Of  the  jioinilation  in  1900,  3,148,010,  or  54.7  per  cent., 
lived  in  cities  or  towns  of  2,500  jiopulation  or  over,  and  2,853.505, 
or  45.3  per  cent.,  in  smaller  towns  or  count rv  distiicts.  Of  the  total 
population  fully  00  j)er  cent.,  therefor(\  rec(‘iv('s  a water  sui)])l_v 
through  some  general  srstem. 

Table  No.  2 presents  the  percentage  of  the  population  I'esiding  in 
cities  and  towns  of  2,500  inhabitants  or  more,  divided  according 
to  size  of  community. 
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TABLE  NO.  2. 

Percentage  of  Population  of  Pennsylvania  Residing  in  Cities  and  Towns  of 

Various  Sizes. 


Percentage  of  population  of  State. 


Live  In  cities  of  population  of 


29.3 

1.S47.235 
569, G23 
449.079 
357,400 

Over  100,000. 
25,000  to  100,000 

S.COO  to  25,000 

4,000  to  8,000 

2,500  to  4,000 

9.8 

7.1 

5.7 

3 6 

223.273 

51.7 

3,448,610 

Table  Xo.  3 indicates  the  ownership  of  water  su[»plies  according 
1o  po]»nla( ion  of  innnieipalities: 

TABLE  NO.  3. 

Municipal  and  Private  Company  Supplies  to  Large  Cities  and  Boroughs  of 

Pennsylvania,  1900. 


Population. 


0)  . 
.Q  W 
2 = 


O.  >» 
3.-S 

a 

£i  S 

eg 

3 £ 

Z 


*One  city  supplied  by  both  private  and  municipal  systems. 


.Q 


0 


0 


£ g 

3 ^ 


4 

3 

♦ 9 

14 

7 

7 

7 

1 

0 

29 

13 

16 

10 

55 

71 

13 

58 

190 

*47 

*144 

This  table  shows  that  of  the  mnnicdpalities  liaving  a population 
of  more  than  2,500,  three  are  supplied  by  incorporated  water  com- 
panies to  one  snpjilied  by  mnnieipallt'  ow'iied  plants.  These  fig- 
ures include  only  100  of  nearly  1,000  districts  supplied,  and  among 
Iho  supplies  for  towns  smaller  than  2,500  population,  the  propor- 
tion of  private  to  municipal  jdants  is  much  greater. 

So  far  as  our  investigations  have  proceeded,  wm  have  no  report 
of  a town  of  over  1,500  inhabitants  without  some  form  of  water  sys- 
tem, while  several  with  populations  as  small  as  200  are  so  supplied. 
A population  of  400  to  500  seems  generally  to  be  the  limiting  figure, 
but  some  towms  and  boroughs  of  over  1,000  population  are  not  being 
supplied  by  any  general  system  of  water  works. 
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The  Act  approved  May  28tli,  1907,  provides  that  a water  company 
obtaining  its  supply  from  within  a municipality  shall  furnish  water 
to  inhabitants  thereof,  or  forfeit  its  right  to  such  a (piantity  of  wa- 
ter as  will  supply  the  needs  of  the  inhabitants.  Under  this  Act  three 
proceedings  have  been  instituted  before  the  Whiter  Supply  Commis- 
sion. In  one  case  the  water  company  immediately  agreed  to  ex- 
tend its  lines  into  the  territoi-y  from  which  the  petition  came,  while 
in  the  other  two  cases  amicable  adjustments  were  arrived  at. 

Of  the  water  companies  chartered  in  this  State  since  1810  many 
are  not  in  existence,  and  the  1(^18011  for  this  is  two-fold.  First,  a 
number  of  companies,  particularly  those  formed  for  speculative  [tur- 
poses,  have  failed  to  comjily  with  the  law  in  regard  to  doing  work 
within  the  time  limit  authorized  by  their  charters,  and  their  fran- 
chises have,  therefore,  revm-fed  to  the  Commonwealth;  and  second, 
many  corporations  have  eitliei-  merged  and  consolidated  their 
rights  and  franchises  with  and  into  those  of  other  companies,  form- 
ing one  corporation  in  the  place  of  two  or  more  theretofore  existing, 
or  the  same  result  has  been  obtained  by  the  purchase  by  one  com- 
pany of  the  property  and  franchises  of  one  or  more  other  companies, 
in  which  case  the  companie.s  so  ])urchased  cease  to  exist  as  individ- 
ual companies.  “While,  howevci',  the  actual  number  of  water  com- 
panies in  existence  is  much  less  than  the  numlier  formed,  the  area 
of  territory  supplied  with  watiu-  is  not  proportionately  reduced  for 
the  reason  that  where  a consolidation  is  made  the  same  territory 
formerly  supplied  b}^  two  or  more  companies  is  supplied  by  one 
company. 

In  addition  to  the  consolidations,  combinations  are  ]iractically 
effected  by  the  purchase  by  one  company  of  the  stock  of  others. 
Kecords  of  such  transactions  are  not  rcMiuired  to  b(‘  tiled  with  this 
. Commission,  or  in  any  other  public  oflice,  and  the  number  of  such 
concerns  allied  by  stock  owner.ship  can,  therefore,  only  be  approx- 
imated. Wdiile  it  was  the  aim  of  the  Act  of  dune  7th,  1907,  to  bring 
within  the  control  of  the  Water  Supply  Commission  companies 
formed  before  its  creation,  by  re(|uiring  such  companies  to  ]irocure 
the  approval  of  the  Commission  before  a merger  and  consolidation, 
or  before  the  purchase  of  the  property  and  franchises  of  another 
company,  practical  consolidations  have  been  formed  by  the  pur- 
chase by  one  company  of  the  cai)ital  stock  of  other  companii's  with- 
out the  approval  or  control  of  the  Commission.  It  would  seem, 
therefore,  advisable,  in  order  to  effect  a more  comjdidi'  su])ervislon 
of  water  companies  by  this  Commission,  that  pi'ovision  shonld  lie 
made  for  subjecting  sui-li  com]iardes  to  its  conti-ol,  nnd  for  tlu' 
forfeiting  of  the  right  of  eminmit  domain  by  water  comiiauies  desir 
ing  to  own  or  control  other  water  companies  by  virtue  of  an  owner 
shi[)  of  their  capital  stock. 
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CHAi'TEK  II. 


OBSTRUCTIONS  TO  STREAMS. 

Prior  to  the  passage  of  the  Act  of  May  28tli,  1007,  no  legislation 
speeiheially  i)reveiite(l,  or  imposed  eonditions  upon  the  obstruc- 
tion of  streams  of  this  St:ite  by  dams  or  otherwise.  Now,  how 
ever,  no  obstruction  can  be  placed  legally  in  or  along  any  public  or 
navigable  stream  which  had  heretofore  been  declared  a public*  high- 
way without  the  ajiproval  of  this  Commission.  Tliis  Act  has  imA 
\\ith  much  apjirolcation  and  opportunity  has  been  taken  under  it  to 
pi'otest  against  tyjces  of  obstructions  to  the  streams  which  are  cou- 
siderc'd  detrimental  but  which  have  h(*retofoi-e  been  allowed  to  be 
(‘reeled  without  obj(*ction. 

Ilel'ore  tin*  jiassagc*  (d'  tins  act  it  had  been  the  custom,  in  many 
instances,  for  railroad  compani(‘S.  whose  lines  lie*  along  large  rivers, 
to  make  tills  beyvond  the  existing  banks  thereof  for  the  purpose  of 
obtaining  additional  track  facilities.  Since  the  passage  of  this  act 
such  companies  have  been  I'ecpiired  to  obtain  the  permission  of 
this  Commission  before  such  tills  can  be  made. 

jMany  applications  for  permission  to  jdace  obstructions  in  or  along 
streams  of  the  State  by  means  of  dams,  wing-walls  or  abutments  in 
the  shape  of  tills  to  existing  Itanks  h.ave  been  made  to  this  Commis- 
sion, as  have  also  protests  by  interested  parties  against  the  placing 
of  obstructions  in  such  streams. 

In  acting  upon  apidications  and  protests  of  this  kind  we  have 
been  guich'd  by  considerations  of  str(‘ani  cai)acity  with  a view  both 
to  ]>r(‘se!  V(‘  the  present  volume  of  water  in  the  stream  and  to  pre- 
vent increased  jiossibilities  of  tlood. 

Applications  involving  the  erection  of  structures  not  liable  to  do 
damage  to  the  stream  or  the  projierty  along  its  banks  have  been  ap- 
ju-oved  subject  to  such  moditications  as  it  has  been  deemed  necessai-.^ 
by  this  Commission  to  impose.  I’rotests  have  received  eijually 
careful  attention  and  where  upon  examination  it  has  appeared  that 
the  juotest  was  well  founded,  a discontinuance  of  the  obstruction 
has  been  effected  or  suflicient  modilications  recpiired  to  answer  all 
jiractical  purposes. 

The  investigations  under  this  act  have  brought  to  light  the  exis- 
tence of  .some  serious  conditions,  of  which  the  following  are  in- 
stances. The  carrying  capacity  of  the  Kiskiminetas  river  has  been 
greatly  reduced  by  the  llattening  of  the  slope  by  deposits  carried 
down  from  above,  and  by  encroachments  along  its  banks,  while 
changing  conditions  in  its  water  shed  make  necesasry  a greater 


PLATE  1. 

Typical  enci'oachment  by  refuse  deposit — Susquehanna  River 

near  Columtua. 
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facilit}^  for  discharge.  This  stream  was  one  of  the  chief  contributors 
of  the  great  tlood  at  I’ittsbnrg  in  March,  1UU7. 

From  investigations  which  were  made  in  response  to  an  applica- 
tion from  the  citizens  of  Tiirlle  Creek  borough  a serious  condition 
v/as  found  to  exist  in  Turtle  creek,  in  Allegheny  ami  Westmoreland 
counties,  owing  to  the  rednction  in  the  size  of  its  channel  by  en- 
croachments and  by  deposits.  Further  obstructions  which  were  in 
process  of  erection  at  the  time  of  our  investigation  have  been  dis- 
continued. A thorough  study  is  now  being  made  to  determine  the 
cause  as  well  as  the  effects  of  the  numerous  disastrous  floods  occur- 
ring in  the  valley  of  this  stream  with  a view  of  suggesting  remedies 
therefor. 
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CHAPTER  III. 


HYDROGRAPHIC  FEATURES  OF  PENNSYLVANIA. 

IV'iinsYlvailia  is  nearly  a rectangle  in  shape,  enclosing  a gross  area 
of  45,120  S(piare  miles,  of  which  2t)4  square  miles  are  covered  by 
water. 

The  State  is  divided  topogi-ajdiically  and  hydrographically  into  a 
number  of  drainage  basins  and  sub-basins,  defined  by  prominent  phy- 
sical fc'atures,  presenting  in  its  water  sheds  the  divides  between  the 
Atlantic  Ocean,  (lulf  of  Mexico  and  the  Great  Lakes  drainage  sys- 
tems. Rain  falling  in  Pennsylvania  finds  its  way  into  the  Atlantic 
ocean  by  the  Delaware.  Susiiuehanna  and  Potomac  rivers,  through 
Delaware  and  (ihesaj'.eake  t)ays.  By  the  Allegheny  and  Monongahela 
rivers,  water  Hows  into  the  Ohio  river,  thence  into  the  Mississippi 
river  and  the  Gulf  of  Mexico.  Other  streams  discharge  into  Lake 
Erie  and  Lake  Chitario,  thence  into  the  St.  Lawrence  river  through 
the  Gulf  of  St.  Lawrence  into  the  Atlantic  ocean. 

The  State  has  thi-ee  important  river  systems, — the  Delaware  in 
the  east,  the  Susquehanna  in  the  centre  and  the  Ohio  in  the  West; 
while  smaller  arcms  drain  into  the  Potomac  river  in  the  south-cen- 
tral, into  Lake  Erie  in  the  northwest,  and  into  Lake  Ontario,  through 
the  Genesee  river,  in  tin*  north-central  section. 

The  ’\^Mter  Su]»ply  Commission  has  considered  the  State  as  sepa- 
rated naturally  into  six  juimary  drainage  basins. 

1.  Delaware  Basin. 

2.  Susquehanna  Basin. 

3.  Ohio  Basin. 

4.  Potomac  Basin. 

5.  Lake  Erie  Basin. 

ti.  Genessee  Basin. 

The  lirst  three  are  further  divided  into  sub-basins  as  follows; 

The  Ihelaware  Basin  into  the 
Lower  Delaware  Sub-basin, 

IMiddle  Delaware  Sub-basin, 

Tapper  Delaware  Sub-station. 

The  Sus(]uehanna  Basin  into  the 
Tmwer  Susquehanna  Sub-basin, 

^Middle  Susquehanna  Sub-basin, 

North  Branch  Sub-basin. 

West  Branch  Sub-basin. 
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The  Ohio  Basin  into  the 
Ohio  Sub-basin, 

Allegheny  Sub-basin, 

Monongahela  Sub-basin. 

The  Delaware  Basin  occuihes  the  eastern  portion  of  the  State  and 
incdudes  all  the  territory  in  Pennsylvania  draining  into  the  Dela- 
ware river.  The  Lov/er  Delaware  Sub-basin  embraces  the  portion 
above  the  Penusylvania-Delaware  line  to  and  including  the  port  of 
Philadelphia  and  the  Schuylkill  river,  covering  all  of  Delaware 
county  and  portions  of  Schuylkill.  Lehigh,  Berks,  Lebanon,  Mont- 
gomery, Chester,  Bucks  and  Philadelphia  counties.  The  Middle 
Delaware  Sub-basin  extends  from  Philadelphia  to  Easton,  including 
the  Lehigh  river,  and  covers  almost  all  of  Carbon  county  and  por- 
tions of  Lackawanna,  Luzerne,  Monroe,  Schuylkill,  Xorthamptoii, 
Lehigh,  Berks,  Bucks,  ^loutgomery  and  Philadelphia  counties.  The 
Upper  Delaware  Sub-basin  includes  all  the  area  iu  Pennsylvania 
tributary  to  the  Delaware  above  Easton,  including  all  of  Pike  county 
and  parts  of  Wayne,  Monroe,  Xorthampton  and  Lackawanna  coun- 
ties. 

The  Susquehanna  Basin  occupies  the  central  portion  of  the  State 
and  includes  all  the  territory  in  Pennsylvania  draining  into  the  Sus- 
quehanna river.  The  Lower  Susquehanna  Sub-basin  covers  tin' 
portion  above  the  Pennsylvania-Maryland  line  and  below  the  mouth 
of  the  Juniata  river,  embracing  parts  of  Schuylkill.  Berks.  Cum- 
berland, Lebanon,  Dauidiin,  Chester,  York,  Adams,  Lancaster, 
Franklin  and  Perry  counties.  The  Middle  Susquehanna  Sub-basin 
includes  the  area  between  the  mouth  of  the  Juniata  river  and  the 
forks  at  Xorthumberland,  including  the  Juniata  river  covering- 
all  of  Blair,  Snyder.  Juniata,  Mifflin  and  Fluntingdon  counties,  and 
parts  of  Centre,  Union.  Xorthumberland,  Schuylkill.  Dauphin,  Perry. 
Franklin,  Fulton,  Bedford  and  Somerset  counties.  The  Xorth 
Branch  Sub-basin  includes  all  that  part  of  the  Susquehanna  Basin 
tributary  to  the  Xorth  Branch,  and  the  West  Branch  Sub-basin  all 
the  area  tributary  to  the  West  Branch  of  the  Susquehanna  river; 
the  former  covering  all  of  Susquehanna  and  almost  all  of  Wyoming 
counties,  together  with  portions  of  Potter,  Tioga.  Bradford.  Sullivan. 
Lycoming,  Wayne.  Lackawanna,  Luzerne,  Columbia,  Schuylkill,  IMou- 
tour.  Carbon  and  Xorthumberland  counties;  and  the  latter  all  of 
Cameron  and  Clinton  counties,  and  parts  of  Potter.  Jefferson.  iMc- 
Kean,  Elk,  Clearfield,  Indiana,  Cambria.  Centre,  Lycoming,  Sullivan, 
Bradford,  Wyoming,  Columbia,  Montour.  Xorthumberland  and  Un- 
ion counties. 

The  Ohio  Basin  occupies  the  western  section  of  the  State  and  in- 
cludes the  area  in  Pennsylvania  tributary  to  the  Ohio  river  and  its 
main  affluents,  the  Allegheny  and  IMonongahela  rivers.  The  Alle- 
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gluMiv  ^r.b-basiii  enild'aces  the  area  (Iraiiiing  into  the  Allegheny 
rivei-  and  (•()V('!S  all  of  Armstrong,  Clarion,  Forest  and  Warren 
coiiiitic’S,  and  parts  of  lN)tter,  McKean,  Elk,  tdearfield,  Jefferson,  Tn- 
diana,  Cambria,  Westmorcdand,  Somerset,  Allegheny,  Hiitler,  Ve 
muigo,  (hawfoid,  Erie  and  iMercer  comities.  The  Monongahela 
Sub-basin  includes  the  area  draining  into  the  Monongahela  river, 
and  covers  all  of  Fay<‘tte  county  and  ])arts  of  Westmoreland,  Som- 
erset, Creene,  ^^'ashillgton  and  Allegheny  counties.  The  Ohio  Sub- 
basin  covers  the  area  tiibulary  to  the  Ohio  river  proper,  beloAV  the 
junction  of  flu*  Alh‘gheny  and  Monongahela  rivers,  including  the 
Heaver  river,  and  includes  all  of  Lawrence  and  Beaver  counties  and 
parts  of  Crawford,  Mercer,  'S'enango,  Itutler,  Allegheny,  AVashing- 
(on  and  Oieene  counties. 

Along  the  southern  boundary  of  Iteunsylvania  a considerable  area, 
imduding  portions  of  Adams,  Franklin,  Bedford,  Somerset  and  York 
counties,  drains  into  the  Botomac  river  through  Wills,  Little  An- 
tietam,  ttonococheagi'.  Licking  and  other  creeks.  This  is  considered 
the  Botomac  Basin. 

In  the  uorlhwi'Sterii  corner  of  the  State  a relatively  small  area,  cov- 
ering portions  of  Erie  and  Crawford  counties,  drains  into  Lake  Erie 
thi'ough  Elk,  Coimeaiit  and  other  creeks.  This  is  designated  the 
Lake  Eri(“  Basin. 

In  the  north-central  j)ortion  of  the  State  a small  area  in  Botter 
county  drains  noidliward,  through  the  Genessee  river,  into  Lake 
Onlai  io,  forming  (lu*  Genessee  Basin. 

The  areas  in  I’ennsylvania  of  the  various  basins  and  sub-basins 
eniimei  ated,  com]»ut(‘d  as  closely  as  possible  from  the  data  available, 
aia*  shown  in  the  following  tables: 

TABLE  NO.  4. 


Areas  of  Primary  Drainage  Basins. 


Basin. 

Area  in  Pennsylvania 
in  square  miles. 

Percentage  of  total 
area  of  State. 

6,520 

14.4 

21,320 

47.2 

15,149 

33.6 

3.5 

490 

1.1 

92 

0.2 

Tntrtl  

45,126 

100.0 
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Proporfionaf  Pari  of  Pennsylvania 

occupied  by 

Each  Drainage  Basin. 

Tola!  Area  of  Sbale,  45^/26  sq.  miles. 

PLATE  4. 


TABLE  NO.  5. 

Areas  of  Sub-Drainage  Basins. 


Sub-basin. 

Area  in  square  miles. 

Percentage  of  Primary 

Basin. 

2.n64 

39.3 

2,0f.i5 

31.7 

1,S91 

29.0 

Lower  Susquehanna,  

4.075 

ifl.i 

Middle  Susquehanna,  

4.9G5 

23.3 

5.215 

24.5 

7,065 

33.1 

3,115 

20.6 

9,310 

61,, 'i 

2.724 

17.9 

Total 

42,989 

100.00 

Table  No.  4 indicates  that  tlie  Delaware,  Sus<iuelianna  and  Ohio 
rivers,  with  their  tributaries,  drain  95.2  per  cent,  of  the  State.  Fig- 
ure No.  f)  illnstrates  Table  No.  4 in  diagraniatic  form,  the  area  of 
the  entire  circle  representing  the  area  of  the  Commonwealth,  while 
the  several  sectors  enclose  areas  proportional  to  the  percentages 
of  the  area  of  the  State  covered  bv  each  drainage  basin. 

As  portions  of  the  total  drainage  areas  of  the  main  rivers  are  in 
adjacent  States,  Tables  No.  (i,  7 and  8 were  prepared  to  illustrate  this 
fact;  all  of  the  areas  being  considered  as  parts  of  the  total  basin 
above  the  points  where  the  idvers  leave  the  State  of  Pennsylvania. 


TABLE  NO.  6. 

Constituent  Parts  of  Delaware  Basin  Above  Pennsylvania- Delaware  State  Line. 


In 

Pennsylvania 

6,520 

1,800 

59. 5 

16.5 
23.7 

In 

New  Jersey 

In 

New  York 

Total  area  tributary  to  Delaware  River 

10,900 

100.00 
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TABLE  NO.  7. 

Constituent  Parts  of  Susquehanna  Basin  Above  Pennsylvania-Maryland  State 

Line. 


In  Pennsylvania,  total. 


6,270 

21,320 

22.8 

77.2 

27,590 

100.0 

TABLE  NO.  8. 

Constituent  Parts  of  the  Ohio  Basin  Above  Pennsylvania-Ohio  State  Line. 


Ph 


Area  of  Allegheny  river  drainage  in  New  York,  

Arf'a  of  Monongahela  river  drainage  in  West  Virginia  and  Mary- 

1,850 

8.6 

4.605 

21.3 

Ohio,  Allegheny  and  Monongahela  in  Penna 

15,149 

70.1 

Total  area  tributary  to  Ohio  river 

21,604 

100.0 

PROMINENT  FEATURES  OF  THE  PRINCIPAL  RIVERS. 


Descriptions  of  the  princi]»al  rivers  are  presented  below,  their 
Hood  conditions  being-  detailed  in  Chapter  No.  G. 

DELAWARE  RIVER. 

Two  brandies  of  tlie  Delaware  river,  the  east  and  the  west,  have 
their  sources  in  the  Catskill  mountains  of  south-western  New  York, 
at  an  elevation  of  l,f)00  feet  above  sea  level,  and  flow  south-westerly, 
uniting-  at  nancock.  New  York,  at  the  New  York-Pennsylvania  boun- 
dary line,  at  an  elevation  of  approximately  920  feet  above  sea  level, 
from  which  point  a generally  southerly  course  is  continued  to  its 
mouth  in  Delaware  bay,  GO  miles  below  Philadelphia.  The  Dela- 
ware river  forms  the  boundary  between  New  York  and  Pennsylva- 
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nia  from  Hancock  to  Port  Jervis,  Xew  York,  a distance  of  approxi- 
mately 100  miles;  then  tlie  boundary  between  Pennsylvania  and 
New  Jersey  for  about  170  miles,  and  linally  the  boundary  between 
Delaware  and  New  Jersey  down  to  its  mouth  in  Delav/are  bay. 

Below  Hancock  the  principal  tributaries  from  Pennsylvania  are 
the  Lackawaxen,  Lehigh  and  Schuylkill  rivers,  and  Broadhead,  Nes- 
haminy  and  Brandywine  creeks.  From  New  York  comes  Neversink 
river,  and  from  New"  Jersey  the  Flat  Brook,  Paulins  Kill,  Pe(iuest. 
Lopatcong,  Pohatcong  and  Mxiscouetcong  rivers. 

The  total  length  of  the  Delaware  river  is  approximately  110 
miles,  its  drainage  basin  in  Ihuinsylvania  is  (>,520  sipiare  miles,  br- 
ing 11.4  per  cent,  of  the  area  of  the  State,  and  00  per  cent,  of  the 
entire  Delaware  river  drainage  basin  above  the  Pennsylvania-Dela- 
ware  State  line.  The  river  is  flanked  by  hills  in  its  upper  reaches, 
cuts  through  the  Kittatinny  mountains,  at  Delaware  Water  Gap, 
and  continues  as  a broad  stream  below.  Tide-water  extends  to 
Trenton,  50  miles  above  the  Peniisylvania-Delaware  State  line,  t'^ 
which  point  the  river  is  navigable,  while  from  Bristol  to  Easton  it 
has  been  canalized.  Navigation  on  the  Schuylkill  river  from  Phila- 
delphia to  Port  Carbon,  and  on  the  Lehigh  river  from  its  mouth 
to  Manch  Chunk,  has  been  improved  by  means  of  canals  and  slack- 
water  pools.  Navigation  for  ocean-going  vessels  extends  to  Phila- 
delphia, the  Federal,  State  and  City  Governments  having  spent  ap- 
proximately 17,000,000  in  dredging  a 30  foot  channel  up  to  Phila 
delphia,  and  in  deepening  the  Schuylkill  river  through  that  city. 
Gn  the  New  Jersey  side  of  the  river  and  in  that  state  are  the  Mor- 
ris and  the  Delaware  and  Raritan  canals,  the  former  extending 
from  Jersey  City,  through  Newark,  Paterson  and  Dover,  to  the 
Delaware  river  at  Phillipsburg,  opposite  Easton.  The  DelaAvare 
and  Raritan  canal  extends  from  the  Raritan  river  at  New  Bruns- 
wick to  the  Delaware  river  at  BordentoAvn,  New  Jersey.  A feeder, 
which  is  also  navigable,  runs  from  the  main  canal  at  Trenton  to 
the  DelaAvare  river  at  Bull’s  Island. 

The  upper  portion  of  the  Delaware  riA’cr  drains  a region  abound- 
ing in  lakes  and  ponds,  where  a limited  amount  of  the  original  forest 
cover  still  remains,  the  tributaries  from  this  section  being  compara- 
tively regular  in  flow.  In  the  Middle  and  Lower  Sub-basins  the 
streams  are  more  flashy,  the  country  being  largely  deforested,  cid- 
tivated  aud  thickly  inhabited. 

A few  miles  below'  Trenton  the  stream  crosses  the  edge  of  the 
Piedmont  Plateau,  producing  a fall  of  about  8 feet.  Above  this 
point  the  general  slope  of  the  stream  is  3.5  feet  per  mile  to  Port  Jer- 
vis, broken  by  a succession  of  rapids  with  intervals  of  slack  water 
betw'een.  Above  Port  Jervis  the  fall  is  more  rapid,  averaging  0 
feet  per  mile,  to  the  northern  line  of  the  State. 
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AVater  power  is  little  developcal  on  the  main  stream,  due  largely 
to  its  iiit(‘r-statc‘  character  and  the  resulting  legal  difficulties  in 
using  the  stream  for  power  purposes.  The  Schuylkill,  Lackawaxen, 
Lehigh  ami  the  smaller  tributaries,  afford  opportunities  for  the  gen- 
eration of  water  power,  some  of  which  liave  been  developed. 

(In  the  hanks  of  the  Delaware  river  are  located  Port  Jervis,  N. - 
Y..  Easton,  llristol,  IMiiladeljdiia  and  (Chester,  Pennsylvania;  and 
Lelvidere,  Phillipsburg,  Lambertville,  Trenton,  Bordentown,  Bur- 
lington and  Camden.  Yew  Jei'sey;  Avhile  on  the  tributary  streams 
in  P(‘nnsylvania  lie  Bethlehem.  South  Bethlehem,  Allentown,  Mauch 
Chunk.  Conshohoeken.  Norristown,  I’hoeiiixville,  I’ottstown,  Read- 
ing. Pottsville,  Hazleton.  Ashland  and  others.  Its  basin  is  grid- 
iromal  by  nnnnnous  l)rancli  lines  of  the  Pcmnsylvania  Railroad,  the 
]>elawar(\  Lackawanmi  and  Wt^stern.  the  Philadel]»hia  and  Reading, 
the  (Central  of  New  Jersey,  the  L'diigh  Valley,  (he  New  York  Cen- 
tral and  the  Erie  railroads. 

This  basin  is  subject  to  an  avei-age  rainfall  of  JG.l  inches  annually, 
a gr(*ater  jirecipitation  than  in  any  otlu*r  portion  of  fhe  State. 

Tin-  average  discharge  of  (he  Dcdaware  river  at  Lambertville,  N. 
J..  at  which  point  its  How  has  been  nnmsured  by  tin*  United  States 
(ie<dogical  Survey  since  1897,  is  reported  as  11,15(1  cubic  feet  per 
second,  or  2.(17  cubic  feet  jier  second  per  s<iuare  mile  of  drainage 
area.  The  maximum  autlnmtic  recorded  flow  wms  during  the  flood 
of  (Jetober,  1903,  wlum  a disdiarge  of  250,000  cubic  feet  per  second, 
or  30.5  cubic  feet  per  second  per  s(}uare  mile  w'as  reached.  The 
lowest  dischargt*  record(*d  at  Lambertvilh'  is  1.200  cubic  feet  per 
S('cond.  or  0.175  cubic  feet  per  second  ]»ei-  squai-e  mile,  exceedin.g 
on  this  basis  the  diy  wi'ather  flow  of  any  other  large  river  in  the 
Stat(*.  with  the  exception  of  the  Alleglnmy  river  at  Kittanning, 
wlnu'e,  how’ever,  the  record  is  short. 
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TABLE  NO.  9. 

Principal  Streams  of  Delaware  Basin. 


Name  of  Stream. 


C5  — 

5 

3 

<u  o' 

d ^ 

£ c 


Delaware  river,  

West  Branch  of  Delaware  river. 
East  Branch  of  Delaware  river, 

Lacka waxen  river 

Wallen paupack  creek,  

Mongaup  creek,  

Neversink  river,  

Broadhead  creek 

Paulins  Kill,  

Bequest  river,  

I^ehigh  river 

Muscunetong  river,  

Nesliaminy  creek 

Rancocas  creek 

Schuylkill  river 

Eittle  Schuylkill  river,  

Perkiomen  creek,  

Maiden  creek 

Tulpehocken  creek,  

Brandywine  creek,  


no,9uo 

SoO 

9:10 

U0t> 

235 

230 

0-15 

290 

ISO 

H^> 

1,330 

150 

230 

34<.> 

1,915 

loj 

3t:o 

217 

215 

505 


Pa.,  N.  T.  and  N.  J. 
X.  Y. 

X.  Y. 
l^enna, 

Penna. 

N.  Y. 

X.  Y. 

Penna. 

N.  J. 

N.  J. 

Penna. 

N.  J. 
i’enna. 

N.  J. 

J’enna. 

Penna. 

i'enna. 

Penna. 

Penna. 

Pa.  and  Del. 


•Above  Pennsylvania-Delaware  line. 


SUSQUEHANNA  RIVER. 

The  Sus(]uelianiia  river,  tire  lar«e.st  slrtami  in  the  State,  is  fornud 
by  the  juuction  of  the  North  and  "West  I’ranches  :it  Nortliniuber 
land,  Northninberland  eonnty,  Pennsylvania.  The  North  Pranch, 
together  with  the  section  below  the  jnnction  of  the  two  branches, 
is  now  recognized  as  the  Snscinelianna  rives-,  but  far  conviniience  the 
old  nomenclature  has  been  retained. 

From  Northumberland  the  river  follows  a nearly  southerly  course 
to  its  junction  with  the  -Tuniata  rives-,  rear  1 SurcassssoD,  Perry  coisn- 
ty,  at  which  point  it  cuts  throssgh  the  North  mossntain,  tusssingto  th.- 
southeast,  and  continuing  this  cosis-se  to  its  month  iis  (Tsesapeake 
bay,  at  Havre  de  GraC'e,  :\id.  Fsom  Norrhsimluu-hind  to  a poissi 
about  12  miles  below  Colsissibiss  the  siver  is  v ide  and  shssllow,  aves-- 
aging  about  osse  mile  in  width,  with  a slope  of  2.()  feet  per  nsile, 
breaking  througli  a series  of  parallel  ridges  iss  the  sspper  portion, 
and  crossing  the  Cuinbes-lassd  Valley  in  the  lower  ’pos-tion.  Abosst 
23  miles  above  the  i^^aryland-Pennsylvania  State  lisu'  the  streasss 
enters  a gorge  where  it  cross(*s  the  Piedsssosst  Plats'isu  aisd  b(u;-omes 
a more  narrow  and  rapid  streasn,  with  an  average  fall  of  (1.1  fesd 
]ier  mile,  eontisssiissg  this  character  until  it  leaves  the  State. 

The  prominent  tribsstaris's  are  the  West  P>ranch  assd  the  North 
Branch,  -Juniata  river,  and  Penns,  Sherman, Conodtsgssisset,  Swatara. 
Conestoga,  Pequea,  Couewaga,  Codorns  and  Octorara  creeks. 
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The  total  length  of  the  Susquehanna  river  from  Northumberland 
to  the  State  bonndarv  is  110  miles.  The  drainage  basin  of  the 
stream  in  I'ennsrlvania  is  a])i)roxiniately  111,3:20  square  miles,  or  47.2 
per  eent.  of  the  entire  area  of  the  State,  while  the  total  area  tribu- 
tary at  the  I’enusylvania-Marvland  state  line  is  approximately  27, 
500  s(inare  miles. 

The  Susquehanna  livei*  is  not  navigable  except  locally  for  small 
Oat  bottom  boats  adaptable  tor  local  trade  and  pleasure,  and  this 
only  during  certain  seasons  of  the  year.  Canals  formerly  followed 
its  banks  and  those  of  the  North  and  West  T.ranches,  Juniata  rivt-r, 
and  Swatara  creek,  but  they  are  now  abandoned.  This  entire  basin 
is  largely  dcd'orested,  but  it  is  to  somt'  extent  in  process  of  regrowth. 
The  streams  are  subject  to  sudden  rises  and  to  extremely  low  sum- 
mer liow.  There  are  few  natural  lakes  or  ponds  in  the  Middle  and 
Lower  Suscpiehauua  8nb-basins. 

The  neai-ly  uniform  slope  which  (*xists  from  Northumberland  to 
Yoi-k  Haven  is  broken  at  the  latter  jioint  by  rapids,  and  again  in  the 
gorge  below  Columbia.  The  water  power  on  this  stream  at  present 
is  developed  only  at  York  Haven,  but  large  installations  are  in  prog- 
ress of  construction  on  the  inain  stream  and  on  tin.'  Juniata  river, 
while  smaller  powers  have  been  utilized  upon  important  tributaries. 

The  chief  municii)alities  on  the  main  river  and  its  tributaries 
below  Northumberland  are  Snnbnry,  Altoona,  Hollidaysbnrg,  Ty- 
roiu‘,  Huntingdon,  Lewistown,  Harrisburg,  Hhamokin,  IsJienandoah, 
Lebanon,  York,  Lancaster  and  Columbia.  The  main  river,  both 
branches  and  maipy  of  its  Iributaries  are  followed  by  the  Pennsyl- 
vania Kailroad  or  the  Philadelphia  and  Koading  Paili-oad. 

The  average  annual  rainfall  ov(U'  the  entire  Susquehanna  Basin 
in  Pennsylvania  is  41.0  inches. 

The  liow  of  the  Susquehanna  river  is  being  measured  at  Harris- 
burg and  ]Mc(?all  Ferry,  and  its  branches  at  Wilkes-Barre  and  Dan- 
ville on  the  North  Branch,  at  Williamsport  on  the  West  Branch  and 
at  Newport  on  the  Juniata  river.  Durii'g  the  sixteen  years  of  re- 
corded flow  at  Harrisburg  the  average  discharge  has  been  38,350 
cubic  feet  p(u“  second,  or  1.0  cubic  feet  per  second  jser  square  mile; 
the  maximum,  which  occurred  during  the  Hood  of  1880,  estimated  on 
the  basis  of  subseiiuent  measurements,  was  700,000  cubic  feet  per 
second,  or  20.2  cubic  feet  ])er  second  per  sipiare  mile;  while  the  min- 
imum was  2,330  cubic  feet  iiei'  second,  or  0.008  cubic  feet  per  second 
per  square  mile. 

NORTH  BRANCH  SUSQUEHANNA  RIVER. 

The  North  Branch  rises  in  the  Catskill  mountains,  in  southeast- 
ern New  York,  close  to  the  headwaters  of  the  Delaware  river, 
draining  0,270  square  miles  in  that  State,  flows  in  a generally 
gontbwesterly  course,  crossing  into  Pennsylvania  near  Sa;j^re,  Brad- 
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ford  county,  then  following  a southeasterly  course  to  Wilkes-Ilarre, 
and  then  a southwest(‘i'ly  course  to  its  junction  with  the  ^^'est 
Branch  at  Northumberland,  Pa. 

The  principal  tributaries  in  New  York  are  the  Chenango  and 
Unadilla  rivers,  and  in  Pennsylvania  the  Chemung  and  Lackawan- 
na rivers,  Tunkhannock  and  Fishing  creeks. 

The  total  length  of  the  North  Branch,  from  Northumberland,  Pa., 
to  the  forks  at  ()neonta,New  York,  is  about  290  miles,  and  its  total 
drainage  area  is  11,48.")  square  miles,  of  which  0,270  square  miles  are 
in  New  York.  From  l\"ilkes-Barre  northward  the  sub-basin  abounds 
in  lakes  and  ponds,  and  the  tributaric's  are  less  llashy  in  character 
than  those  in  the  southern  sc‘ction.  The  part  of  the  sub-basin  in 
Pennsylvania  has  l)een  practically  stripped  of  its  forest  growth,  al 
though  in  some  sections  regmwth  is  in  process.  In  the  southern 
section  many  streams  have  been  greatly  injured  by  mine  wastes  from 
the  anthracite  coal  fields,  and  by  mill  refuse. 

The  slope  of  the  North  Branch  is  (juite  uniform  fi'om  the  New 
York-Pennsylvania  state  line  to  Northumberland,  unbroken  by  falls 
or  rapids  of  magnitude,  the  average  fall  being  at  the  rate  of  two 
feet  per  mile.  Navigation  is  imjiossible  except  locally  for  small 
boats. 

Practically  no  water  power  is  developed  on  the  North  Branch  in 
l*ennsylvauia,  the  small  fall,  wide  valley  and  proximity  of  coal 
being  the  cause;  but  small  powers  are  located  on  some  tributaries. 

The  principal  municipalities  on  the  North  Branch  sub-basin  ar«^ 
Binghampton,  Owego  and  Elmira,  New  York;  and  Sayre.  Tunkhau- 
nock,  Oarbondale,  Scranton,  Pittston,  IVilkes-Barre,  Plymouth,  Nan- 
ticoke,  Bloomsburg  and  Danville  in  Pennsylvania.  The  railroads 
traversing  this  sub-basin  are  the  Pennsylvania,  the  Delaware,  Lack- 
awanna and  Western,  the  Delaware  and  Hudson.  New  York  Cen- 
tral and  Hudson  river,  the  Erie,  and  the  Phiiadelidiia  and  Beading- 
railroads. 

The  average  discharge  of  the  North  Branch  at  Danville,  recorded 
since  1899,  has  been  17,999  cubic  feet  per  second,  or  L9  cubic  feet 
jter  second  per  square  mile.  The  maximum,  in  March  1902,  Avas 
304,000  cubic  feet  per  second,  or  21~y  cubic  feet  per  second  per  s(iuare 
mile.  The  minimum  flow,  in  September,  1900,  was  822  cubic  feet 
per  second,  or  0.074  cubic  feet  per  second  per  square  mile. 

WEST  BRANCH  SUSQUEHANNA  RIVER. 

The  West  Branch  rises  in  Carroll  Township,  Cambria  county, 
Pennsylvania,  at  an  elevation  of  2,100  feet  above  sea  level,  flows  in 
a northeasterly  direction  to  Keating,  Clinton  county,  and  then  in 
a general  southeasterly  direction  to  its  mouth,  at  Northumberland. 
Kising  on  the  west  slope  of  the  Allegheny  mountains,  it  cuts  throuc^h 
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(he  range  and  drains  the  eastern  slope.  It  is  a mountain  stream 
for  111  miles,  between  Ourwensville,  Clearfield  county,  and  Queens 
Kun,  Clinton  county,  having  a slope  of  t).2  feet  per  mile;  and  is  a 
broad  shallow  l iver  in  its  lov/er  course,  where  for  (19  miles,  between 
(iueens  Run  and  its  junction  with  the  Xorth  Branch,  the  fall  is  at 
the  rate  of  2 feet  per  mile.  The  total  length  of  the  river  is  approxi- 
mately 24(1  miles  and  its  drainage  basin  7,()t)5  square  miles. 

Excei)t  in  its  extreme  no-rthern  section,  where  a large  part  of  the 
merf  hantable  timber  in  the  Htate  of  Pennsylvania  remains,  this 
drainage  basin  has  t)een  denuded  of  forests,  and  in  the  extreme 
southwestern  corner  many  streams  liav,e  been  injured  by  mine 
wastes  from  the  bituminous  coal  fields  in  Cambria  and  Clearfield 
counties.  In  Centre  county  many  tributaries  are  fed  by  large  lime- 
stone springs,  which  aid  in  maintaining  a strong  tiow  during  dry 
w>‘ather.  The  remaining  streams  in  this  sub-basin  are  of  a flashy 
character,  and  there  are  i)ractically  no  natural  lakes  or  ponds  to 
intluence  the  discharge.  The  principal  tributaries  are  Sinuema- 
honing,  Cleaitield,  Moshannon,  Bald  Eagle,  l*ine,  Loyalsock  and  Ly- 
coming creeks.  Tin*  jtrominent  municipalities  on  the  sub-basin  are 
Cm  wensville,  Cleartield,  Bellefontcq  Lock  Haven,  Williamsport  and 
Lewisbui‘g.  The  stream  and  most  of  the  important  tributaries  are 
pai-alhded  by  either  the  INuinsylvania,  the  New  York  Central  and 
Hudson  River,  or  the  Philadelphia  and  Reading  railroads. 

The  ^^'est  Branch  of  the  i4us(iuehanna  river  has  a uniform  prolile 
from  Lock  Hav(‘n  to  Northumberland,  the  grade  being  slight  and 
(he  currcmt  sluggish.  Above  Lock  Haven  the  stream  has  a more 
rajdd  slope.  I’ractically  no  water  power  is  developed  on  the  main 
streams,  but  some  of  the  triljutaries  are  used,  to  a limited  extent,  for 
this  purpose. 

The  maximum  Uoav  of  the  \\"est  Branch,  recorded  at  Williams- 
port since  189.'),  was  1()4,1()()  cubic  feet  per  second,  or  29  cubic  feet 
per  second  jmu'  scpiare  mile,  in  IMarch  1902.  The  average  discharge 
during  the  same  period  was  9,130  cubic  feet  per  second,  or  1.6  cu- 
bic feet  i)er  second  per  square  mile,  and  the  minimum  discharge  in 
189.“  was  410  cubic  feet  per  second,  or  0.072  cubic  feet  per  second 
per  s(iuare  mile. 
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TABLE  NO.  10. 

Principal  Streams  in  Susquehanna  Basin. 


Name  of  Stream. 
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Pa.  ind  Md. 

✓ 


♦Above  the  Pennsylvania-Maryland  State  line. 


OHIO  RIVER. 

The  Ohio  liver,  the  seeuiid  large.st  stiaquii  in  the  Coumiouwealth, 
formed  by  the  junction  of  the  Allegheny  and  the  Mouongahela  riv- 
ers at  Pittsburg,  follows  a general  northwesterly  course  to  the 
Uhio-Pennsylvania  state  line,  a distance  of  30.4  miles.  Its  chief 
tributaries  in  this  stretch  are  the  P>eaver  river,  entering  from  the 
north  at  Kochester,  Peaviu-  county,  Little  ll-aver  liver,  from  th<" 
north  at  the  State  line,  and  Racoon  crt'ek  llowing  from  the  south. 

The  drainage  area  of  the  Ohio  River  Sub-basin  is  3,115  stinare 
miles,  but  the  area  in  rennsylvania  draining  into  the  Ohio,  includ- 
ing the  Allegheny  and  Mouongahela  rivers,  is  15,140  stiuare  miles, 
or  33.6  per  cent,  of  the  area  of  the  State.  The  total  drainage  area 
tributary  to  the  Ohio  river  through  I’ennsylvtinia,  including  tlu'  en- 
tire drainage  basins  of  the  Alh'gheny  and  Monongalnda  rivers  in 
New'  York  and  West  Virginia,  is  21,604  stjuare  miles. 

The  Ohio  river  in  Pennsylvania  is  a broad,  shallow'  stream  flowing 
between  hills  of  considerable  magnitude.  Its  slight  slope,  aver- 
aging from  Pittsburg  to  the  State  line  1.2  feet  per  mile,  favors  its 
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iihpruvcineiit  fov  iiavigalion  b.y  iiieans  of  a series  of  dams  and  locks, 
wiiicli  is  now  in  projii  ess  under  the  direction  of  tlie  United  States 
government.  Tlie  niiio  river  to  its  continence  with  the  Mississippi 
livei-  at  Uairo,  HI.,  is  extensively  used  for  the  transiiortation  of 
ileets  (»f  coal  hurtles;  but  until  the  imjirovcmients  to  navigation  are 
comphded  through  navigation,  will  be  limited  to  periods  of  compar- 
atively high  water. 

The  Ueaw'r  Ui vision  of  the  i’ennsylvania.  Uanal  followed  the 
Ueaver  iuv(“r  from  its  mouth,  up  I hat  stream  and  the  Shenango  river, 
by  means  of  slack  wuitei'  pools.  An  (‘xtcmsion  to  Lake  Erie  was  be- 
gun but  nev(‘r  conqileted.  A comjiany  has  been  incorporated  for 
Hie  eonstrucHon  of  a sliij)  canal  fi-om  I'ittsburg  along  the  north 
bunk  of  tli(‘  Ohio  liver,  and  thence  up  tin*  Beaver  and  Mahoning 
rivers,  eventually  reaidiing  Lake  Erie,  at  Astabula,  Ohio,  over  a 
portion  of  tin*  route'  of  the  old  canal. 

Till'  upp(*r  tributaries  of  the  Beaver  river  rise  in  a country 
abounding  in  lak(*s,  ponds  and  swamps  and  are  not  subject  to  sud- 
d(‘n  Hoods  oi-  to  extrenu'ly  low  How  in  dry  w(*alher.  The  tributaries 
from  th(‘  south  are  of  a more  torrential  (diaracter. 

No  water  power  is  di'Vi'lojied  on  the  Ohio  river,  but  about  3,01)1) 
horse  jiowi'r  is  derived  from  the  Beaver  river  near  its  mouth,  by 
means  of  a series  of  darns  between  Beavei'  Falls  and  Rochester, 
where  the  river  has  a fall  of  fei't  in  Hve  and  one-half  miles. 

The  principal  towi®s  on  the  Ohio  river  and  its  tributaries  in 
Pennsylvania,  ('xudusive  of  the  Allegheny  and  Monongahela  rivers, 
ai-('  Alh'glu'iiy,  Ro(diest(*r,  Ihuavei*  Falls,  New’  Castle,  Sharon,  But- 
lei-,  Wbishington,  Carm'gic'  and  South  Pittsbui-g.  The  banks  are 
lim'd  with  suburban  settlenu'iits  and  manufacturing  jilants.  Tlie 
I'ennsylvania,  the  Baltimore  and  Ohio,  and  the  Pittsburgh  and 
liUke  Erie  Railroad  systems  traverse  this  sub-basin. 

No  discharge  measuring  station  is  maintaim'd  on  the  Ohio  rivi'r 
betw('('n  Pittsburg  and  the  State  line.  The  average  discharge  of 
Hie  Ohio  river  at  Wheeling,  ^\^  Va.,  51)  miles  below  the  State  line, 
as  recorded  by  the  United  States  Oeological  Survey  for  1905-00,  is 
40,4t)0  cubic  feet  per  second,  or  1.7  cubic  feet  per  second  per  square 
mile.  The  maximum  during  tlu'  Hood  of  February.  1884,  w'as  473,- 
400  cubic  feet  jier  second,  or  20  cubic  feet  per  second  per  square 
mile.  The  Hood  of  March,  1907,  discharged  440,000  cubic  feet  per 
second.  The  minimum  How’  was  aiiproximately  2,500  cubic  feet  per 
second,  or  O.tO.")  cubic  feet  per  second  per  square  mile.  The  aver- 
age rainfall  over  Hie  Ohio  Sub-basin  is  37.7  inches  per  year. 

ALLEGHENY  RIVER. 

The  Allegheny  river,  the  largest  tributary  of  the  Ohio  river,  rises 
in  IVitti'r  county,  Pennsylvania,  on  the  western  slope  of  the  Alle- 
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gbeny  mountains,  at  an  elevation  of  about  ll,2o()  feet  above  sea  level, 
and  Hows  nortliwesterlj'  into  Kew  York,  where,  at  Salamanca,  Cat- 
taraugus county,  it  swings  to  the  southwest;  continuing  this  course, 
back  into  I’ennsyl vania,  to  Franklin,  Venango  county,  from  which 
point  it  follows  a southeasterly  and  then  a southwesterly  course  to 
Pittsburg.  Its  course  in  New  York  is  through  a wide  valley  and  on 
a Hat  grade.  Coming  back  into  l*ennsylvania  the  hills  converge 
and  the  valleys  narrow.  In  its  lower  section  it  is  a wide,  shallow 
river,  with  a slope  averaging  from  Oil  (’ity  to  I’ittsburg  2.1  feet 
per  mile,  broken  by  a series  of  rifties  and  pools.  The  lower  portiou 
of  the  river  continues  among  hills,  and  is  normally  between  1,(100 
and  1.100  feet  wide.  Petween  Oil  City,  Venango  county,  and  Tar- 
entum,  Allegheny  county,  the  narrowest  portion  of  the  river  is 
about  480  feet  wide  and  the  widest  2.140  feet.  The  lower  portion 
of  the  river  valh^y  is  thickly  inhabited  and  its  shores  are  bordered 
with  coal  mines,  steel  works,  blast  furnaces,  factories,  and  other 
industrial  settlements.  The  principal  tributaries  are  Conewango 
creek,  Tionesta  creek.  Oil  creek,  French  creek.  Clarion  river,  Ked 
Bank  creek,  Mahoning  creek  and  Kiskiminetas  river. 

The  total  length  of  the  Allegheny  river  from  Port  Allegheny  to 
Pittsburg,  is  about  280  miles,  and  its  drainage  area  is  about  11,140 
square  miles,  of  which  0,310  scpiare  miles,  or  20. G per  cent,  of  the 
area  of  the  State,  is  in  Pennsylvania. 

The  river  was  formerly  much  used  for  the  transportation  of  logs, 
but  with  the  destruction  of  the  forests  this  industry  has  practically 
ceased.  At  one  time  the  Allegheny  was  navigable  for  steamboats 
up  to  Warren,  Warren  county,  but  for  many  years  the  traffic  has 
been  discontinued.  The  T'nited  States  Government  is  improving 
the  navigation  to  Natrona,  about  twenty-four  miles  above  the 
mouth,  and  the  scheme  contemplates  an  extension  to  Oil  City,  134 
miles  above  I’ittsburg.  The  Western  Division  of  (he  Pennsylvania 
(ranal  followed  the  Coneniaugh,  Kiskiminetas  and  Allegheny  rivers 
from  Johnstown  to  Allegheny  r a connection  to  Kittanning,  from 
the  mouth  of  the  Kiskiminetas  river  up  the  west  bank  of  the  Alh*- 
gheny  river  was  begun  but  never  completed,  while  the  French 
Creek  division  followed  that  creek  and  Conneaut  lake  outlet  to 
Couneaut  lake.  (T-awford  county,  enroute  to  Erie.  All  of  these 
canals  are  now  abandoned. 

There  is  no  water  power  generated  on  the  main  stream,  and  only 
a small  amount  on  the  tributaries,  principally  on  those  from  the 
west,  whereon  some  suitable  sites  still  exist  undeveloped. 

There  is  a marked  difference  between  the  character  of  the  tributa- 
ries of  the  Allegheny  river  coming  from  the  east,  and  those  from 
the  west.  The  latter  drain  territory  including  lakes,  ponds  and 
swamps,  where  the  surface  conditions  aid  iu  equalizing  the  flow  of 
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the  streaias,  while  those  from  the  east  are  from  a more  precipitous 
country  largely  denuded  of  foi-ests,  and  are  of  a tlashy  nature.  Th;‘ 
Kiskiminetas  river  drains  the  Cambria  and  Somerset  bituminous 
coal  fields,  and  many  streams  in  this  section  are  injured  by  coal 
wastes. 

The  oil  and  iiatui'al  gas  tields  of  Western  Pennsylvania  lie  largely 
in  the  drainage  basin  of  the  Allegheny  river  and  a small  amount  of 
timlier  of  merchantable  value  is  still  standing  in  the  extreme  eas- 
tern section  of  this  sub-basin. 

The  jirominent  toAvns  in  the  Alh^gheny  basin  are  WTirren,  Oil 
C'ity,  Franklin,  Kittanning,  Plairsville,  Latrobe,  Johnstown,  Tar- 
entum,  Pittsburg.  Indiana  and  ..illegheny.  The  rainfall  over  this 
sub-basiu  averages  4d.3  inches  yearly. 

The  How  of  the  Allegheny  is  being  measured  at  Ked  House,  New 
York,  Kittanning  and  Aspinwall,  IVnnsylvania.  The  average  dis- 
charge at  Kittanning  since  11)04  has  been  18,050  cubic  feet  per  sec- 
ond, or  2. OS  cubic  feet  ]ier  second  per  squai-e  mile.  The  maximum 
was  242,000  cubic  feet  per  second,  or  27.8  cubic  feet  per  second 
per  siiuare  mihg  and  the  least  How  during  this  period  was  1,650 
cubic  feet  })er  s'ccond,  or  0.1!)  cubic  feet  per  second  per  s(iuare  mile. 

MONONGAHELA  RIVER. 

The  Monongahela  river  is  formed  by  the  junction  of  two  branches 
Vvhidi  rise  in  the  mountains  of  At'est  A^irginia,  from  which  point,  36 
miles  beyond  the  Pennsylvania-AAYst  A'irginia  line,  it  follows  a gen- 
eral northerly  direction  to  its  mouth  at  Pittsburg.  It  crosses  the 
State  line  one  and  one-half  miles  above  Point  Marion,  AATst  Vir- 
ginia, and  juisses  ihrough  the  bituminous  coal  tields  of  southwestern 
l*ennsy] \'ania.  The  drainage  basin  of  this  stream  in  Pennsylvania 
is  largely  made  up  of  rolling  hills,  from  which  the  timber  has  been 
removed,  except  in  the  upi»'er  portion,  and  in  that  part  of  the  terri- 
tory which  lies  outside  of  the  coal  measures.  The  stream  is  slug- 
gish, the  natural  grad(‘  for  the  !)1.6  miles  in  Pennsylvania  being  0.85 
feet  per  mile.  Its  total  hmgth  to  the  forks  in  AAT^st  Virginia  is 
a])proximately  428  miles,  94.6  miles  of  which  are  in  Pennsylvania. 
It  drains  a total  area  of  7,329  S(]uare  miles,  2,724  square  miles  be- 
ing in  INuinsylvania.  Its  principal  tributary  is  the  Youghio-gheny 
river,  which  unites  with  it  at  McKeesj)ort,  about  44  miles  above 
the  mouth,  draining  1,800  square  miles,  of  which  4,286  square  miles 
are  in  Pennsylvania.  There  are  no  other  tributaries  of  any  consid- 
erable size  in  Pennsylvania  excejd  the  Cheat  river,  which  comes 
in  from  AA'est  Ad'rginia  just  below  the  State  line. 

Navigation  has  been  improved  on  the  main  river  throughout  its 
length  in  Pennsylvania  by  the  United  States  Government,  by  means 
of  a series  of  dams  and  locks,  through  which  great  quantities  of 
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coal  are  shipped  from  the  mines  to  Pittsburg  and  thence  down  tlie 
Ohio  river.  Slack  water  navigation  was  at  one  time  foi-ou'd  on  (In' 
Yonghiogheny  river  from  its  mouth  up  to  \\>st  Xewton,  P.)  miles, 
hut  was  destroyed  by  the  Hoods  of  the  early  (id's  and  has  not  becm 
reconstructed,  although  the  United  States  Oovernment  has  this 
now  in  contemplation. 

Most  of  the  large  streams  in  the  section  of  the  Monongahela 
river  drainage  basin  covered  by  the  bitnminons  coal  tields  have 
been  impaired  for  many  purposes  by  the  discharge  of  mine  wastes 
therein,  so  that  the  available  water  supply  in  this  district  is  limited. 
The  principal  streams  which  remain  undefiled  and  of  value  are  thos'' 
in  the  extreme  upper  section  in  Pennsylvania,  outside  of  the  coal 
measures,  together  with  some  which  join  the  Yonghiogheny  river 
from  Somerset  county.  Nearly  all  the  streams  in  this  whoh'  area 
are  subject  to  sudden  rises  and  to  low  dry  weather  How.  The  aver- 
age rainfall  is  41. -I:  inches  over  this  sub-basin. 

Water  power  is  practically  undeveloped.  There  is  none  used  on 
the  Monongahela  and  Yonghiogheny  rivers,  and  only  an  occasional 


small  mill  on  tin  tributaries.  The  Yonghiogheny  river  being  an 
extremely  rapid  stream,  affords  several  water  jiower  sites. 

The  principal  towns  in  this  drainage  basin  are  Praddock,  IMc- 
Keesport,  Monessen,  Connellsville,  Uniontown,  (treensbnrg.  Home- 
stead and  Pittsburg.  The  stream  is  followed  by  the  Pennsylvania, 
the  Baltimore  and  Ohio,  and  the  Pittsburgh  and  Lake  Erie  railroads. 

The  river  in  its  lower  section  is  lined  with  large  manufacturing 
plants,  many  of  which  use  its  waters  for  boiler  and  other  purposes. 
It  has  been  estimated  that  the  dry  rveather  flow  of  the  Monongahela 
river  is  used  twenty  times  by  these  mills  and  factories. 
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TABLE  NO.  11. 

Principal  Streams  in  Ohio  Basin. 


Name  of  Stream. 

Approximate  drainage 

area  in  square  miles. 

Tributary  from 

1 

*21.e04 

11,160 

935 

A 

300 

305 

1,175 

1,190 

545 

390 

1,850 

1,400 

460 

300 

3S5 

7,329 

W.  Va. 

W.  Va. 

1,390 

W.  Va. 

1,800 

450 

118 

140 

Penna. 

3,040 

245 

765 

1,070 

870 

440 

190 

" ' 

! 0.  and  Pa. 

i 



*Above  Pennsvlvania-Ohio  State  line. 
tN.  Y..  Pa..  Md.  W.  Va. 
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POTOMAC  BASIN. 


Tlie  drainage  from  reniisvlvauia  into  the  Potomac  river  is  by 
ci'C'dcs  liowing  in  a soutimrly  direction  into  that  river  in  Maryland, 
the  ])rincipal  streams  in  this  basin  being  Wills,  Conococheague,  Lit- 
tle Antietam,  t^idling  and  Pock  creeks. 


LAKE  ERIE  BASIN, 


The  drainage  into  Lake  Erie  is  northward  through  Elk  creek  and 
a numl)er  of  small  streams,  and  by  Conneant  creek,  northwesterly 
into  Ohio  and  thence  to  the  lake. 


GENESSEE  BASIN. 


The  Genessee  river,  rising  in  the  nortliern  part  of  Potter  county, 
passes  northward  ont  of  the  State  into  New  York,  receiving  several 
small  tiilnitaries  whicli  unite,  drain  into  the  Genessee  basin. 

The  following  tables  show  tlu'  principal  tributaries  in  the  three 
last  desciibed  basins,  and  the  area  drained  by  each; 


TABLE  NO.  13. 


Principal  Streams  of  Genessee  Basin. 


Name  of  Stream. 


Genessee  river.  Midtile  Branch  G'^n.  R..  Tv'est  Branch  Gen.  R 


92  Penna. 


TABLE  NO.  14. 


Principal  Streams  of  Erie  Basin. 


Name  of  Stream. 


3 


Lake  Erie 

< onne.aut  creek. 
Elk  creek 


*490 

160  Penna. 
120  j Penna. 


*Total  area  tributary  to  Lake  Erie  from  Pa. 
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TABLE  NO.  15. 


Principal  Streams  in  Potomac  Basin. 


Name  of  Stream. 


C3 


£ 


o 


Potomac  river 

Wills  creek 

Licking-  creek,  

Conococheague  creek, 
Antietam  creek,  


*1,555  ; Penna. 


270  i Penna.  and  Md. 
195  r Penna.  and  Md. 
580  ' Penna.  and  Md. 
305  i Penna.  and  Md. 


♦Total  drainage  area  tributary  to  Potomac  in  Penna. 


CHARACTERISTIC  FEATURES  OF  DRAINAGE  BASINS. 

Certain  features  of  tlie  different  drainage  basins  and  sub-basins 
[day  important  parts  in  forming  the  character  of  the  streams  and 
Iheir  tributaries,  and  the  use  to  'which  tiiey  are  [int.  The  Delaware* 
Basin  is  distinctly  an  anthracite  coal,  cement,  slate  and  stone  [u-o- 
dneing  and  transportation  area,  with  its  coal  mim*s  in  tin*  u[tper  sec- 
tion of  the  Lower  and  Middle  Rnb-basins,  ;tiid  the  canals  and  rail- 
I'oads  therefrom  to  the  sea-coast. 

The  Susquehanna  Basin  is  an  anthracite  coal  producing  area 
tsoutheastern  part  of  the  North  Branch  Siib-basin)  iind  liitnminous 
coal  area  (West  Bmncli  and  the  .Juniata  River i,  and  the  [iresent  lum- 
ber centre  of  Bennsv Ivaniii  (extreme  iiorthern  [)art  of  the  ^Vest 
Branch  Sub-hasin).  The  lower  [tortious  of  these  two  sub-basins  are 
distinctly  trans[)ortation  areas  for  the  [troducts  of  the  northerii  and 
western  sections  of  the  t^tate.  The  lower  i^iuiuehanna  Sub-basin 
is  probably  the  most  productive  agricultui'al  region  of  the  Common- 
wealth. 

The  Ohio  basin  [troduces,  from  the  Monongahela  Sub-basin,  vast 
quantities  of  bituminous  coal,  and  from  the  Allegheny  and  the  Ohio 
Sub-basins,  bituminous  coal,  and  most  of  the  oil  and  gas  which  is 
produced  in  the  State.  Surrounding  Pittsburg  in  all  three  sub- 
basins  is  located  the  greatest  industrial  centre  in  the  State  wheia* 
steel,  iron,  coke  and  glass  are  the  chief  products.  The  refuse  from 
these  industries  sujqdements  the  mine  drainage  in  fouling  tin*  nor- 
mal flow  of  the  streams. 

The  Potomac  Basin  contains  the  least  populated  [)art  of  the  State 
and  is  largely  given  over  to  agriculture  and  forest  growth. 
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TOPOGRAPHY. 

Tire  soiitheast('i'3i  corner  of  Pennsylvania  is  a generally  level  plat- 
eau, lying  in  the  coastal  ])lain  and  the  Piedmont  Plateau  region, 
broken  by  rolling  hills  .ind  drained  my  many  streams,  w^hose  erosion 
has  curved  out  valleys  from  the  original  level  surface.  The  lower 
portions  of  flie  Delaware,  Schuylkill  and  Susquehanna  rivers  pass 
through  this  region,  which  varies  in  elevation  from  a few’  feet  above 
(i(h‘  water  to  about  61)0  feet  above  sea>level. 

To  the  north  and  west  this  plain  is  bounded  by  the  Allegheny 
moiintains  and  tin*  Kittatinny  luountains.  These  ranges  traverse 
the  State  from  northeast  to  southwest  meeting  the  DeluAvare  river 
at  Delaware  ^Vater  Ga]),  crossing  the  Lehigli  river  at  Lehigh  Dap, 
the  Schuylkill  at  Port  Clinton,  and  (he  Susiiuehanna  river  at 
Kockville,  a few  miles  above  Harrisburg.  These  ranges  form  a band 
a])])roximately  70  miles  wide  from  the  extreme  northeastern  corner, 
in  a reverse  curv(‘,  (o  the  sonihw(>st,  leaving  the  State  near  the  cen- 
tre of  the  southern  boundary. 

The  high  ])hiteau  wdiich  extiuids  noidhward  and  w’estward  from 
the  mountains  has  been  deeply  cut  by  many  streams,  so  that  thc- 
wa((‘r  courses  often  lii-  in  deep  valleys  bordered  by  high  hills,  pre- 
senting almost  mountainous  characteiastics.  This  region  covers 
nearly  oiu'  Imlf  of  the  State.  In  the  extreme  nortlnvest  a narrow, 
l(W(d  idain  follows  the  shore  of  Lake  Erie.  The  southeastern  plain 
is  drained  entiiady  by  the  Delaware  and  Susquehanna  rivers,  the 
mountainous  lndt  larg(dy  hy  these  two  and  the  I’otoniac  river, 
while  till’  ])lateau  region  in  tin-  west  lies  in  the  basins  of  the 
Genessee,  Alh‘ghen\’,  Monongahela  and  Ohio  rivers. 

The  topogra]ihy  of  tln^  States  varies  from  tide  water,  at  Philadel- 
]diia,  to  ;?,13()  feet  altove  sea  hwel,  on  the  top  of  Dliie  Knob,  Bedford 
county.  The  Delaware  la'ver  where  it  leaves  the  State  is  a tidal 
stream.  Tin*  Sustjuehanna  river  where  it  crosses  the  southern 
boundary  is  above  the  iiiHuence  of  tides,  its  normal  surface  being 
(hl.O  feet  above  sea  level.  Tlie  Ohio  river  in  passing  the  westerly 
boundary  of  the  State  is  (147  feet  above  sea  level.  Water  from 
Pennsylva’.da  (lowing  into  Lake  Ei  ie  halves  the  State  573  feet  above 
sea  h*v(  1,  and  the  Genessia'  river,  at  an  elevation  of  about  1,010  feet. 

Owin.g  to  the  length  and  the  difference  in  elevation  through  wdiich 
many  of  these  stieams  jiass,  their  jihysical  characteristics  change 
materially  from  source  to  mouth.  Heading  in  the  Allegheny  moun- 
tains, the  tributari(‘s  of  the  Susquehanna,  Allegheny  and  Mononga- 
hela riviu's  are  mountain  Inooks  in  their  upper  regions,  becoming 
less  rai)id  as  they  near  the  limits  of  the  State,  and  changing  with 
the  increase  from  numerous  tributaries  into  broad  rivers. 

Many  of  the  streams  in  the  Delaware  and  Susiiuehanna  basins 
cross  the  Piedmont  Plateau,  and  in  most  cases  a fall  line  is  to  be 
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observed  at  tire  escarpiiieiit.  The  Sus(iueliaiuia  river  has  cut  down 
considerably  through  this  tall,  but  an  incrcaised  \adocity,  narrow- 
channel,  and  steep  grade  mark  the  point  on  this  stream,  this  has 
resulted  in  the  gorge-like  character  of  the  husijuehanna  livei  fiom 
a point  about  12  miles  below-  Columbia,  nearly  to  the  State  line. 
On  the  Delaw-are  river  this  point  is  marked  by  tlu'  falls  above 
Trenton. 

GEOLOGY. 

The  surface  and  sub-surface  geology  have  an  important  bearing 
on  the  flow-  of  streams,  as  their  character  is  largely  dependent  upon 
these  elements,  and  an  understanding  of  the  elementary  geological 
c'onditions  in  a region  is  essential  to  a pro})er  knowh'dge*  of  the 
streams. 

The  strata  upon  w-hich  the  surface  w-ash  and  soils  of  Pennsylvania 
repose  belong  to  the  oldest  sedimentary  rocks  of  the  Ihilaeozoic  se- 
ries. No  large  amounts  of  igneous  or  volcanic  rock  appear  in  the 
State,  the  only  intrusive  materials  being  a few-  dikes  of  trap  and 
small  areas  of  granitic  rock,  of  w-hich  all  are  in  the  southeastern 
part  of  the  State.  The  Appalachian  mountains  are  made  up  of 
linvestone,  slates  and  sandstones.  In  the  limestone  areas  are  found 
many  springs  of  remarkable  volume. 

The  Terminal  Morain,  marking  the  southern  limit  of  the  glaciers, 
crosses  the  State  from  east  to  west  in  its  northern  jiart,  dipping- 
further  to  the  south  at  each  end,  and  leaving  the  noitjlu'rn  boun- 
dary in  Warren  county  to  return  again  in  l*ott(‘r  county.*  The 
broad,  high  table-laud  in  the  Appalachian  bitumious  coal  field,  ter- 
minating on  the  confines  of  New  York,  has  evidmitly  stoppinl  the 
southw-ard  course  of  the  nearly  spent  sheets  of  ice  which  transport- 
ed the  drift  and  turned  them  off  to  the  southeast  and  southwest. 

The  portion  w-hich  w-as  originally  glaciated  has  b(*en  left  w-ith  a 
covering  of  gravel  and  boulder  drift.  The  glacial  rcuuains  hardly 
touch  Potter  and  McKean  counties,  but  are  strewn  more  freely 
over  Bradford,  Susiiuehanna  and  ^\"ayne  counties,  in  the  east,  and 
^Yarren,  Crawford,  Erie  and  Elk  counties,  in  the  w-est.  It  is  noted 
that  the  line  of  the  Terminal  Morain  is  comparatively  smooth,  w-ith 
few  tonges  and  fissures. 

LAKES. 

In  this  once  glaciated  region  there  are  lakes,  ]»onds  and  marshes, 
formed  by  the  blocking  of  outlets  and  l)y  the  leveling  of  the  coun- 
try by  moving  glaciers.  Among  these  are  the  lak(‘s  of  Lackawanna, 
Wayne,  Pike,  ^Vyonling,  Luzerne,  Sustiuehaiina,  Monroe,  and  Sulli- 
van counties  in  the  east,  and  the  great  swamps  and  extensive  lakes 


*See  map  page  2S. 
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of  Erie  and  (’rawford  {■ouniie.?  in  the  west.  Ih'Oiniiieiit  among  these 
lakes  are  ('oiiiu-aut.  Canadohta  and  Sugar  lakes  in  Crawford  eonntj'; 
L(d>onf  lake  in  Erie  eonnty;  Lewis  and  limiter  lakes,  Sullivan 
eouiity,  Elk  lake,  Still  [;ond.  Crystal  1 ake,  Silver  lake,  Susiinehanna 
connly;  BehnonI  lake,  W hite  Cak  pond.  Lake  Ariel  in  ^Yayne  coun- 
ty; Big  Bl  ink  jiond,  L(!g  Tavern  jionds,  Ihaiver  lake,  i^ake  Laura  and 
Bor((‘r's  lain*.  Bike,  coiin  ty ; Long  pond,  iilonroe  county;  Moosic  lake, 
Cannga  lak<a  Lackawanna  county;  Lake  ('arey  and  Lake  Wyonia, 
Wyoming  county,  and  ilarvi'y's  lake  and  Crystal  lake  in  Luzerm 
county.  The  streains  rising  in  this  once  glaciated  region  are  less 
subject  to  sudden  rises  or  to  such  low  dry  weather  flow  than  the 
streams  to  the  south. 

I’rofessor  11.  Carvill  Lewis  states  in  re]K)rt  “E,”  Second  Geolog- 
ical Survey  of  I’ennsyl vania,  that  in  Bennsylvania  and  New  Jersey 
then'  are  ahnut  -.(ifH)  lakes  lying  hack  of  the  Terminal  Morain,  and 
scarcely  any  in  front  of  it.  llc'  further  states  that  there  are  two 
classes  of  lakes  in  (he  glaciated  area  of  Bennsylvania,  the  first  be- 
ing due  to  the  damming  of  streams,  or  the  choking  of  the  original 
drainage  system  thereof  by  the  irri'gnlar  deposits  of  the  drift;  and 
the  second,  those  laki^s  whiidi,  wifh  neither  apparent  inlet  not  out- 
let, till  “kidtle  holes,"  or  depressions  in  the  Morain  itself.  Long 
pond  is  of  the  former  class,  and  lakes  Boponoming  and  INlineola, 
IMonroe  county,  are  of  tin*  latter  class. 

SPRINGS. 

]*>oth  mimnal  and  non-mim*ral  springs  are  found  in  the  Common- 
wealth, Bedford  Mineral  i^prings,  Bedford  county  and  Cambridge 
IMimnal  Sjnnngs,  Crawford  comity,  have  achieved  national  jirouii- 
nence. 

Non-miiu‘ral  s]>rings  abound  in  many  [larts  of  the  State,  the  larg- 
I'st  being  found  in  the  limestone  regions  of  Centre,  lluutingdon, 
Cmnbmlaiid,  Lebanon,  Lehigh  and  Northampton  comities.  Many 
small  towns  and  some  boroughs  of  considerable  size  are  supplied 
with  water  obtained  from  these  springs. 
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CHAPTER  IV. 


DEFORElSTATION  AND  ITS  EFFECT  ON  STREAM  FLOW. 


A study  of  the  streams  of  Pennsylvania  demonstrates  that  their 
value  to  the  Commonwealth  as  a natural  resource  has  been  and  is 
being-  materially  decreased.  As  settlement  progresses  one  of  its 
steps  is  to  destroy  the  forests;  wood  is  needed  for  building,  fuel, 
timbering  mines,  etc.,  trees  are  cut  down  and  little  regard  is  paid 
to  subsequent  regrowth,  and  to  the  results  which  may  follow.  AVhen. 
the  trees  are  removed,  the  rain  and  melting  snow  tiow  rapidly 
from  the  denuded  areas,  eroding  the  soil  and  rushing  ott  in  toi  rents, 
while  in  forest  covered  country  much  of  tin*  rain  is  absorbed  by  the 
mould,  moss  and  leaves,  and  held  by  the  forest  tioor.  P>y  denuda- 
tion floods  are  increased  in  volume  and  fia  (juency,  the  low  water 
periods  are  lengthened  and  the  minimum  flow  decreased. 

By  irregular  flow  the  quality  of  the  water  is  aflected,  for,  in  the 
erosion  of  denuded  hills  and  valleys,  the  streams  accumulate  quan- 
tities of  earth  and  other  material  which  is  carried  by  the  water  in 
suspension  to  points  below,  where  much  of  it  is  deposited  to  obstruct 
the  channel.  The  high  turbidity  of  a water  adds  to  the  cost  of  its 
utility  for  many  i)uiq»oses. 


The  study  of  the  effect  of  deforestation  upon  the  flow  of  streams 
has  received  coiisid(n'able  attention  in  this  counlry  and  abroad. 
While  no  positive  statements  of  gemn-al  acceptance  can  be  made  rel- 
ative to  the  definite  decrease  in  run-off  caused  by  the  laaluclion  of 
the  woodland  in  the  drainage  basin  of  streams,  nevertheless,  it  is 
generally  believed  by  ob.servers  that  the  destruction  of  ademse  forest 
on  a water-shed  is  almost  universally  accompanied  by  a reduction 
of  the  available  annua!  yield  to  stream  flow. 

Data  of  scientific  value  on  this  subject  are  lacldng  in  Pennsylva- 
nia. There  has  heretofore  been  no  public  body  interested  in  this 
subject  to  the  extent  of  d(ffermining  the  effect  of  the  removal  of 
the  forests  upon  the  run-off  of  the  streams  and  now  that  the  forests 
are  so  largely  removed  it  is  difficult  to  make  investigations.  excei>t 
by  comparing  the  flow  of  two  streams,  uj»on  the  drainage  basins  of 
which  are  very  different  percentages  of  fort^st  cover.'  Such  com- 
parisons may,  however,  be  misleading,  for  other  differences  than  the 
amount  of  forest  may  exist. 

The  records  to  be  of  real  value  must  extend  over  a long  period  of 
years,  so  that  it  is  necessai-y  to  rely  largely  on  data  obtained  in 
other  states  for  our  deductions,  as  to  the  (dfect  on  the  streams  of 
Pennsylvania.  A few  examjiles  will  show,  howevcn-,  the  decreased 
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How  in  rocciif  years  of  sonie  of  tlie  Pennsylvania  streams,  but  it  is 
not  j)()ssibl(‘  to  ju-ovi*  (hat  (his  decrease  is  due  S(dely  to  cutting  awaj 
of  forests.  The  streams  upon  wliich  we  have  discharge  data  for  long 
periods  are  in  portions  of  the  kState  in  which  the  itrocess  of  defores 
tat  ion  on  a larg('  scale  liad  materially  decreased  before  the  records 
of  How  wei-(*  begun,  and  although  some  of  these  records  show  a de- 
cided reduction  in  the  str(*am  flow  ov(‘r  past  years,  this  is  not  so 
marked  as  it  might  have  been  if  the  records  extended  back  ten  or 
twenty  ycmrs  turtle  i-.  Nevervln  less,  these'  data,  and  intelligent 
jeublic  opinion,  indicate  that  our  stieams  ttre  beconung  more  irregu- 
lar ill  How;  and,  as  we  know  the  destruction  of  the  forests  to  have 
wrought  cliaiiges  in  lU'ighboriiig  states,  we  may  justly  apply  this 
cause  to  our  conditions,  and  endeavor  to  reduce  in  every  way  an  in- 
ti nence  evidently  so  detrimental  to  the  How  of  streams. 

The  following  table  shows  tlie  August  and  September,  and  also 
the  yc'arly  total  rainfall,  run-otl  and  evaporation  on  the  Perkiomen 
creek  water  shed  from  llSS;!  to  1!)()8.  This  stream  has  a drainage 
area  above  the  jioint  of  ni(‘astirement  of  ir)2  sipiare  miles,  and  was, 
at  one  time,  investigate  d as  a possible  source  of  siijijily  for  Phila- 
delphia. 


TABLE  NO.  16. 


Rainfall  and  Run-off  on  Perkiomen  Creek. 


Tear. 

August. 

September. 

Total 

Annual. 

Rainfall. 

Run-off. 

Rainfall. 

Run-off. 

Rainfall. 

Run-off. 

1 

Evaporation. 

Per  cent,  running 
off. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1S.S3-S4,  ... 

3.44 

0.65 

0.59 

0.31 

48.. 57 

31.90 

10.67 

65.6 

1SS4-85,  ... 

G.17 

1.23 

.87 

.16 

38.12 

18.41 

19.71 

48.3 

I880-8G.  ... 

1.44 

.35 

1.37 

23 

47.78 

25.54 

22.24 

53.5 

1S8G-87.  ... 

2.76 

1.43 

3.64 

.62 

60.16 

21.33 

28.83 

42.5 

1887-88,  ... 

8.03 

1.53 

7.35 

3.68 

50.31 

26.35 

23.96 

52.4 

1888-89,  ... 

3.99 

2.48 

7.00 

•2.80 

60.20 

30.82 

29.38 

51.3 

1889-90.  ... 

6.75 

1.08 

3.71 

1.30 

56.15 

31.56 

24.59 

56.1 

1890-91,  ... 

7.57 

2.04 

2.63 

1..53 

50.44 

25.35 

25.09 

50.2 

1891-92,  ... 

2.69 

.76 

2.21 

.33 

43.43 

19.76 

22.67 

46.5 

1892-93,  ... 

6.45 

.96 

3.14 

.60 

44.62 

21.96 

22.65 

49.2 

1893-94,  ... 

2.23 

.34 

6.36 

1.67 

46.54 

22.22 

24.32 

47.8 

1894-95,  ... 

3.36 

.28 

.93 

.18 

44.07 

20.52 

23., 55 

46.6 

lS95-9<>.  ... 

1.21 

.31 

5.18 

.65 

45.54 

14.31 

31.23 

31.4 

1896-97,  ... 

2.73 

.58 

1.62 

.29 

44.75 

19.28 

25.47 

43.1 

1897-98,  ... 

6.16 

.63 

2.22 

.22 

44.86 

19.29 

25.57 

42.9 

1898-99,  ... 

4.46 

1.13 

7.46 

2.44 

56.10 

29.06 

27.01 

51.8 

1899-00,  ... 

3.74 

.41 

1.80 

.24 

34.02 

16.47 

18.15 

47.5 

1900-01,  ... 

8.70 

1.39 

3.27 

. 63 

44. S9 

13.49 

31.40 

30.0 

1901-02,  ... 

4.06 

.52 

7.54 

1.21 

50.27 

24.25 

26.02 

48.2 

1909-03 

52.84 

31.96 

60.4 

Mean  for 

20  yrs.,.. 

<1.52 

.96 

3.63 

1.01 

47.  C6 

23.19 

24.66 
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From  this  table  it  is  seen  that  the  evaporation  has  been  gradually 
increasing  during  these  20  years,  and  that,  consequently,  the  ratio 
of  run-olf  to  rainfall  has  been  decreasing.  During  the  10  years  from 
1883  to  1803  the  average  ratio  of  run-oft'  to  rainfall  was  ol.KJ  per 
(!ent.,  while  in  the  10  years  from  1803  to  1003  it  was  44.0  < per  cent. 

N'eshaminy  creek,  near  Philadelphia,  shows  a similar  condition, 
although  not  so  marked.  The  ratio  of  run-off  to  rainfall  for  an 
average  of  10  years,  from  1883  to  1003,  was  40.70  per  cent.  For  the 
ten  years,  1803  to  1003,  it  was  40.28  per  cent.  These  two  streams 
have  been  gauged  b}’  the  Philadelphia  I’ureau  of  M ater  for  23  years, 
and  the  above  figures  are  based  upon  its  measurements. 

In  March,  1804,  the  Penusvlvania  State  Forest  Reservation  Com- 
mission  sent  out  a list  of  questions  to  all  counties  in  the  State,  in 
the  endeavor  to  determine  local  opinion  as  to  the  question  of  de- 
creased low  water  flow  and  its  cause.  The  replies  were  not  the 
scientific  judgment  of  men  trained  in  the  study  of  stream  How,  but 
their  general  agreement  has  great  significance. 

In  answer  to  the  question  whether  the  correspondent  could  “name 
and  locate  stream  or  streams  in  which  there  has  been  a change  in 
quantity  of  water  carried,”  174  replies  were  received.  Of  these,  127 
named  streams  and  qualified  the  reply  to  show  that  this  change  was 
a reduction  which  was  considered  due  largely  to  the  destruetiou  of 
the  forests;  three  stated  that  the  streams  were  improving,  and  12 
that  they  saw  no  change. 

In  connection  with  the  investigation  of  this  Commission  relative 
to  water  powers  the  (juestion  was  askcal  whetluu'  or  not  the  stream 
utilized  was  deteriorating  from  the  standi»oint  of  the  water  power 
producer.  Of  248  replies,  113  stated  that  the  stream  was  deteriorat- 
ing, 10!)  that  there  was  no  perce})tible  change,  and  20  that  the  stream 
was  improving.  The  result  of  the.se  replies  is  somewhat  at  variance 
with  that  of  the  Forestry  Commission,  above  recorded.  They  show 
only  45.5  per  cent,  stating  that  the  streams  are  deteriorating, 
against  73  per  cent,  by  the  results  of  the  (jiiestioii  of  the  Forestry 
Commission.  The  questions  of  the  Water  Supply  Commission  were 
sent  out  12  years  later  than  those  of  the  Forestry  Contmission,  and 
therefore  retiect  existing  conditions  at  this  later  date. 

In  most  of  the  State  extensive  deforc^station  resulted  many  years 
ago,  and,  in  all  ])robability,  the  ex]ierience  of  the  ])arties  answering 
the  later  (luestions  does  not  ('xtend  back  to  the  period  preceding  the 
forest  destruction.  This  indicates,  therefori*,  that  many  of  the 
streams  of  Pennsylvania  are  not  now  growing  worse,  having  ]»r(‘- 
viously  reached  the  deteriorat(‘d  condition  caused  by  the  deforesta- 
tion of  their  drainage  areas,  and  are  remaining  stationary,  at  a 
lower  efficiency,  while  sonu'  fetv  are  slowly  inqiroving  with  the  re- 
growTh  of  young  timber. 
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Tlio  following  tal)l('  sIioavs  in  ninrlcod  manner  tin*  differen(-e  in 
(lie  rnn-nd'  from  forested  and  liarren  areas: — 


TABLE  No.  17. 


Coniijai’isun  of  How  from  Eorestecl  and  Barren  areas  in  New  Jersey,  in  1881.* 
(Flow  in  gallons  per  square  mile  cluiing  the  last  eight  months  of  the  dryest 
year,  188] ). 


Months 

Watersheds. 

Passaic  River, 

forested. 

Barren  water- 

sheds. 

April 

597.000 

297.000 

272.000 

207.000 

140.000 

139.000 

129.000 

129.000 

127.000 

145.000 

139.000 
22,000 
22,000 

23.000 

22.000 
23,000 

Mav 

August 

Sci)tcmhcr  

Detoher ., 

November , , , 

December 

.';iain  lids  differenee  i.s  widl  shown  by  the  record  of  two  small 
sticams  in  i)(daware  comity,  I’ennst  1 vania,  as  measured  by  Tbmry 
!>irkinl)iiu“.  Engineer,  of  Wayne,  I’ennsylvania. 

“ifangings  weia*  taken  of  tlie  lwo  streams  at  points  where  tlie 
areas  ahovi'  th(‘  weirs  were  in  each  case  one  square  mile.  One 
stn  am  lloweil  through  woodland,  and  the  other  through  o](en  hut 
( iillivaled  country.  These  gaiigings  weia'  carefully  taken,  at  first 
daily,  and  afterward  two  or  (hrc'c  times  a week  and  were  prac- 
lically  simultaneons  at  each  stream.” 


TABLE  No.  18. 

Comparison  of  flow  from  t\\‘r)  Streams  of  one  Square  Mile  Drainage  area  each, 

one  Forested  and  one  Barren.* 


Date. 


For  month  of  August,  1890,  

September  0,  ISHG,  after  an  all  night  rain,  

September  8,  1890 

lOarly  part  of  October,  1896 

Oct'iber  12,  189C,  immediately  after  a severe  rain, 

November  C.  1896.  heavy  rain 

November  7,1896.  rain,  

For  month  of  November,  1896.  

For  month  of  December,  1896 

January,  1897,  two  measurements 

February.  1897,  two  measurements 

March.  1897.  six  measurements,  

April,  1897 

May,  1897.  two  measurements,  


4;  flJ 

-*->  Oi 

t Oi 

cS  in 

o S 

JD  c 

o 

a 

£ ^ 

f o c 

i-t 

O c 
s-  .S 

c p 

d o 

.B  w S 

31.02  to  64.7 
5C.10 
31.02 
31.02 
127. 

61.36 

50.1 

33.00  to  98.96 
55.69  to  67.95 
a5.72  to  112.69 

98.96 

25.83  to  85.72 
83.07  to  119.84 

88.97  to  112.69 


• 


13.11  to  37.76 
54.06 
7.07 
10.4 
165. 

83.22 

63.30 

25.83  to  192.72 
73.08  to  122.75 
73.08  to  122.22 

104.88  to  152.94 

45.31  to  179.10 

93.84  to  128.16 
73.08  to  122.02 


♦From  1897  report  Pennsylvania  Department  of  Agriculture,  Bureau  Forestry. 
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From  these  records  it  is  seen  that  the  extremes  of  flow  were 
greater  from  tlie  barren  stream,  that  in  the  snmmer  or  dry  weather 
months  the  ilow  was  less  in  the  barren  stream,  and  that  directly 
after  rains  the  deforested  stream  reached  a higher  rate  of  run- 
olf  and  soon  fell  to  a lower  rate  than  that  having  a forested  drain- 


Kecoguizing,  therefore,  this  intinence  on  the  character  and  (juan- 
tity  of  the  rnn-otf  in  the  streams,  this  Commission  has  obtained, 
through  the  co-operation  of  the  C.  S.  (.teological  Survey,  reliable 
data  concerning  the  location  of  the  forest  cov(‘red  areas  in  the  State, 
and  has  recorded  such  areas  upon  its  maps.  This  has  made  it 
possible  to  determine  the  p('rcentages  of  certain  drainage  areas 
which  are  forest  covered,  from  which  information  iiincli  light  is 
thrown  upon  the  character  of  strc^am  rnn-otf.  There  remains  but 
about  one-tifth  of  the  original  forest  land  which  at  one  time  n(*arly 
covered  the  State,  with  an  area  considerably  larger  which  is  nntit 
for  agriculture,  but  covered  with  the  remnants  of  burned  or  cut 
timber,  and  now  slowly  growing  into  forests  where  protected  from 
cattle  and  lire.  Sparks  from  locomotives  and  the  burning  of  debris 
along  the  railroad  tracks  are  the  cause  of  many  forc'St  fires,  and 
for  their  own  protection  the  railroads  should  guard  the  forests 
traversed  by  their  ti'acks.  Soim  railroads,  a])t)reciating  the  need 
of  timber  for  their  own  use,  have  organized  forestry  bureaus  and 
have  taken  steps  to  reforest  certain  areas.  If  this  practice  were 
followed  bj'  all  the  railroads  of  the  State  it  ^\ould  result  in  more 
care  of  existing  forests  and  a corresponding  decrease  in  forest  tires. 

This  Commission  heartily  endorses  the  work  of  the  Forestry 
Reservation  Commission  of  Pennsvlvania  in  the  work  it  is  doiii" 

*■  S' 

in  establishing  State  forest  reservations,  and  in  its  work  of  instruc- 
tion in  scientitic  methods  of  lumbering  and  forest  culture.  It 
strongly  recommends  an  increase  in  the  amount  of  forest  lands 
set  aside  and  preserved,  for  such  areas  form  storage  reservoirs  at 
the  head  waters  of  the  rivers  of  the  Stale*,  and  their  value  as  such 
cannot  be  over-estimated.  The  Forestry  Reservation  Commission 
has  acquired,  to  .Tanuary  1st,  19()S,  acres  of  land,  much 

of  which  surrounds  rhe  headwaters  of  streams.  These  areas  are 
actively  patrolled  and  protected  from  lire  and  other  forms  of  de- 
struction, and  their  inlluence  upon  tin*  How  of  the  streams  h(*ading 
therein  is  most  b(*neticiah  Legislation  now  jvending  in  the  F(*d(*ral 
Congress,  providing  for  national  ton-rts  lo  the  Appalachian  moun- 
tains, ext(*n<ling  o^er  tin*  h(*tnl  A\'at(*i's  of  the  aIoLn)ngaln*la  i'i\'(*r 
in  A’est  Virginia  is  favored  by  this  Commission. 

In  order,  however,  to  preserw*  tin*  j)r(*sent  value  of  our  streams, 
steps  must  be  takt*n  to  rare  for  both  jaiblic  and  jnavate  fnr(*sf  lan.ls 
in  the  ?^tatn.  Fii*e  is  destroying  thousands  of  acres  of  timber  y(*ai  1 v. 
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and  watc-r  companies  have  complained  to  this  Commission  of  re- 
daction in  the  value  and  usefulness  of  their  ■works,  caused  by  a 
decrease  of  the  available  water  su])ply,  resulting  from  forest  fires 
in  the  drainage  area  of  the  streams  from  which  their  supplies  are 
derived.  Legislation  and  education  along  these  lines  seem  impera- 
tive for  the  [iroper  conservation  of  the  water  su]>plies  of  the  Com- 
monwealth. It  is  seen  from  Table  No.  1!),  that  the  destruction 
through  foiest  fires  has  decrcaised  greatlj'  since  IfiOO,  due  to  the  en- 
foicement  of  ])rotectivc  laws  and  in  a large  measure  to  the  fact 
that  railroads  and  th.-  people  generally  are  more  careful. 

The  following  table  shows  tin*  relative  rate  of  cutting  timber, 
and  of  its  destruction  by  lire  in  Pennsylvania,  from  1900  to  1900, 
inclusive. 


TABLE  No.  19. 


Acreage  Lnmljered  and  Burned  in  Pennsylvania. 


Year. 

Lumbered. 

1 

BurP-ed. 

172,854 
133,595 
160,368 
125,981 
134,679 
131, 600 

266,027 
73,005 
158,, 572 
64,186 
63,211 
18,642 
44,495 

TABLE  No.  20. 


Causes  of  Forest  Fires— Percentage  of  Total  Fires  due  to  Various  causes. 


Year. 

Railroad. 

Incendiary. 

Brush 

Burning'. 

Unknown. 

1002  

Per  cent. 
26 
29 
29 
33 
26 

Per  cent. 
12 

9 

9 

10 

13 

Per  cent. 
12 

9 

Per  cent. 
38 

1003*  

1004  

1005.  

1906’  

For  years  the  lumbering  imiustry  in  this  State  has  been  largely 
confined  to  the  West  Praiich  of  the  Susquehanna  river  and  the 
npj)i‘r  portion  of  the  Allegheny  sul)-basin.  The  following  informa- 
tion, with  relation  to  the  deforestation  of  the  water  shed  of  the 
West  Hranch  of  the  ►Sns([uehanua,  is  taken  from  page  17,  Report 
on  Flood  Protection  for  the  city  of  Williamsport,  1895. 

Lumbering  operations  were  commenced  in  this  region  in  1850, 
but  no  systematic  record  of  the  amounts  cut  was  kept  until  18G2. 
In  the  latter  year  the  cut  was  38,000,000  feet  R.  M.  It  rapidly  in- 
creased until  it  obtained  its  maximum  of  319,000,000  feet  in  1873, 
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and  then  fell  to  about  212, 000, 0(10  f(‘et  in  1890.  The  total  amount 
eut  since  1802  is  ahout  5,250,000,000  tt‘et  !>.  iM.,  which  represents 
about  30,100,000  logs.  In  the  year  1880  the  timber  on  nearly  700. 
000  acres  of  land  in  Pennsylvania  was  destroyed  by  fire.  This  is 
nearly  as  large  an  arcui  as  is  contained  in  all  the  forest  reservations 
owned  by  the  State  to-day.  The  above  statements  are  based  on 
the  Census  report  for  1880,  and  on  information  furnished  by  Mr. 
(leorge  S.  Hanger,  Secretary  of  the  Susipiehanna  Hoorn  Company. 

Many  laws  have  been  enacted  to  reduce  forest  destruction  by 
fire.  In  the  eaily  colonial  days  these  laws  forced  the  payment 
of  damages  b}'  the  oU'ender  to  the  party  damaged,  but  in  more 
recent  years  the  injury  to  the  State  has  been  recogni/A'd  by  the  leg- 
islature, and  this  oll'ense  is  punishable  by  tine  and  imprisonment. 
These  laws,  however  wisidy  made,  are  useless  if  not  enforced.  It 
is  not  through  laws  alone  (hat  forest  tires  can  be  reduced,  l)ut  by 
educating  the  people  of  the  Commonwealth  to  a proper  understand- 
ing of  the  value  and  usefulness  of  forests. 

From  the  foregoing  discussion  it  is  evident,  then,  that  forests 
are  of  value  as  regulators  of  stream  How,  reducing  floods  and 
increasing  dry  weather  discharge.  The  most  direct  and  apparent 
effect  of  the  reduction  of  dry  sveather  How  by  deforestation  is  the  de- 
crease in  the  available  wat(U'  suiiply  for  domestic  and  manufactur- 
ing purposes.  From  a similar  cause  the  value  of  the  stream  for  the 
generation  of  water  power  is  reduced,  for  without  storage'  re'st'i-voirs 
or  stream  reinforcement  the  dry  weather  flow’  limits  the  jiower 
which  can  be  economically  de'volojied.  The  cost  of  imjerove'd  naviga- 
tion on  our  rivc'i'S  will  also  be  increased  over  what  it  would  have 
been  had  forest  reduction  not  lessened  the  volumo  of  watei'  during 
the  dry  seasons,  while  its  maint('nance  will  usually  be  moi  e costly  on 
a stream  which  has  a small  lu-oportion  of  its  drainage  ar(*a  in  forest 
because  of  the  larger  (piantities  of  sediment  deposited  by  such 
streams. 


CIlAl’TEK  V. 


STREAM  FL,OW. 

Ill  any  invi'stijual ion  of  liio  watca-  resouices  of  a region  the  item, 
of  jirime  iin])orranc(‘  is  tin*  depemlahle  quantity  of  water  flowing 
in  the  slriauns;  and  aceiiratc'  knowledge  thereof  is  essential  to 
liu‘  proper  eonservatioii,  proteelion  and  distribution  of  the  waters 
of  Ihe  Ooniniionwealth.  Keliabli*  records  are  available  at  few 
points,  chiefly  on  the  large  rivers,  and  on  a few  smaller  streams 
scattered  over  the  State.  Of  the  How  of  the  vast  majority  of 
the  secondary  and  small  streams  practically  nothing  is  known. 
Expected  sourci's  of  such  information  arc*  often  without  satisfactory 
data  and  jirove  the  necessity  for  the  inauguration  of  stream  meas- 
urements by  the  State.  New  York,  New  J(‘rsey,  Massachusetts  and 
other  Eastern  Stat(*s  have  much  more  thorough  knowledge  of  their 
water  r(“sourc(*s  than  has  I’cnnsylvania. 

The*  records  of  the  llydrogi'atihic  Eranch  of  the  United  States 
< b'ological  Survey  constitute*  I lie*  bulk  of  the  reliable  stream  dis- 
chaigc*  data  available*  for  1‘ennsylvania.  The  first  station  to  be 
established  in  the  State*  by  this  bureau  was  at  Harrisburg,  on 
the  Susi]uehanna  rive*r,  in  1S!)(1.  It  was  followed,  in  lSfl5,  by  om* 
at  \Villiamsi»or(,  on  Ihe  West  Eieencli  of  the  Siisque'hanna  river, 
and  others  have  been  establishe*el  by  this  organization  from  time 
to  time.  Congress  had  appropriated  annually  f2()0,tlt)0.0t>  for  this 
work  in  the  entire*  Unite*d  States;  but  at  the  session  of  1900  this 
eimount  was  cut  to  |l;i0,00(l.00,  necessitating  a re-duction  in  the  num- 
be*!-  of  stations  operated,  and  in  1907  it  tvas  still  further  reduced,  so 
that  on  Ajeril  1st,  1907,  the*  bureau  considered  it  necessary  to  dis- 
e*e>ntinue  all  obse*rvations  east  of  the  Mississipiii  river. 

On  January  1st,  1907,  the*  stations  discontinued  by  the  United 
States  Oe*ologi(*al  Survet"  during  the  previous  summer  were  re- 
e'stablished  by  the  Water  Supiely  Connnission,  and  on  April  1st 
all  the  stations  in  Ue-nnsyl vania,  then  ojeerated  by  the  United  States 
Oeologie-al  SurAe*y,  were*  taken  over  and  have  since  been  maintained 
by  this  Commission  and  new  stations  e‘stablisheel. 

Other  valable  iee*ords  are  those  of  the  flow  of  the  Perkiomen, 
Ne*slmminy  iuiel  Tohickon  crc'eks,  in  the  vicinity  of  Philadelphia, 
which  were  be“gun  in  1884  and  have  been  e*ontinued  by  the  Phila- 
del])hia  Bureau  of  Water.  A few  short  term  records,  scattered  over 
the  State*,  com]ile-*te  tin*  list  of  i-eliable  data  of  stream  flow  in  Penn- 
sylvania, so  far  as  we  have  been  able  to  determine. 
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The  following  table  |i^'es  llu'  discliargc  measuring  stations,  the 
Ii'ericio  of  observation  and  t'.ie  oiganiaatiou  nov,  o]), ‘rating  them, 
and  includes  stations  on  streams  entering  rennsylvania  from,  or 
fio\r  ing  Irom  I’ennsylvania  into,  other  states. 


TABLE  No.  21. 

Gauging  Stations  on  Pennsylvania  Streams. 


Station. 

Ir. 

3 

C3 

Ifl 

H 

SUSQUEH.VNNA  BAS1^ 
Susquehanna  River 

1.  Binghamton,  N.  Y.,.. 

2.  Wilkes-Barre,  

August  1-01  j 
March  30-99  | 

3.  Danville 

March  25-99 

4.  Harrisburg  

i 

5.  McCall  Ferrv 

May  17-02  ' 

Chenango  River. 

6.  Binghamton,  N.  Y., 

August  1-01 

Chemung  River. 

7.  Chemung,  N.  Y 

Sept  7-03  ; 

West  Branch  Susque- 
hanna River. 

S.  Allenwood.  . 

0.  Williamsnort 

March  25-99 
March  1-95 

Juniata  River. 

40.  Huntingdon  (Pranks- 
town  Branch). 

July  24-07  ' . 

11.  Hawn's  Bridge  (Rays- 
town  Branch). 

July  25-07  . 

12.  Newport.  ... 

March  21-99 

Octoraro  Creek. 

13.  Rowlandsville,  Md... 

Nov.,  1906 

Direction. 


15-OG  September  Oli 


02 


15-06  Jan. 


1S99 


11-04 

14-04 


15-02 


Deer  Creek. 

14.  Churchville,  Md Dec. 

Broad  Creek. 

15.  Mill  Grove,  Md ; Dec. 

DELAWARE  B-VSIN 
M est  Branch  Delaware 
River. 

16.  Hancock.  N.  T i Oct. 

East  Branch  Delaware 
River.  I 

17.  Hancock,  N.  Y.,  ...  , Oct.  14-02 
Neversink  River 

IS.  Port  Jervis.  N.  Y..  Oct  ifi  m 

19.  Godeffroy.  N.  Y.,'  .-.-j  T-03 

Delaware  River  I 

20.  Riegelsville.  N J ■ miv  q tir 

21.  Lambertsville,  N.  J.,  i July  22-97 


August  3-03 


U.  S.  G.  S’. 

Observer  pd.  b.v  U.  S. 
Weather  Bureau.  Gaug- 
ing made  by  Water  Sup- 
ply Commission. 
Established  by  U.  S.  G.  S. 
Re-established  by  Water 
Supply  Commission. 
Observer  pd.  by  U.  S. 
Weather  Bureau.  Gaug- 
ings  made  by  Water  Sup- 
ply Commission. 

McCall  Ferry  Power  Co. 


U.  S.  G.  S. 


4-OT 


U.  S.  G.  S’. 


r.  s.  G.  S’. 

Observer  pd.  by  T.T.  S. 
Weather  Bureau.  Gaug- 
ings  made  by  Water  Sup- 
ply Commission. 


Established  by  Water  Sup- 
ply Commission.  Ob- 
server paid  by  Juniata 
Hydro-Electric  Co. 

Established  by  Water  Sup- 
ply Commission.  Ob- 
server paid  by  Raystown 
Water  Power  Company. 

Established  by  U.  S.  G. 
S.  Meter  measurements 
made  by  Water  Supply 
Commission. 


U.  S.  G.  S’. 
U.  S.  G.  S. 

U.  S.  G.  S’. 

V.  S.  G.  S. 

U.  S.  G.  S’. 


TT.  S.  G S’. 
U.  S.  G,  S. 


TT.  S.  G.  S. 
U.  S.  G.  S. 
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Station. 

Established. 

Tuhickon  Creek.  ' 

1SS5  . . 

Neshaminy  Creek.  i 

23.  Below  the  Forks,  ... 

1SS4  . 

Schuylkill  River. 

14.  Fainnount  Dam,  

ISSS  . 

I’erkiomen  Creek. 

AAMssahickon  Creek. 

April  1S97  . 

Lehigh  River. 

27.  So.  Bethlehem,  

Sept.  22-03 

OHIO  B.VSIN. 

Ohio  River. 

2S.  Wheeling,  W.  Va.,  .. 

Tj05  . 

Mahoning  River. 

29.  Youngstown,  O.,  — 

May  23-03 

-Vllegheny  River. 

.90.  Red  House,  N.  Y.,  . 

Sept.  4-03 

May  28-07 

CThadokoin  River. 

33.  Jamestown.  N.  Y.,  .. 

A pril  3--04 

Kiskiminetas  River. 

34.  Avonmore 

May  29-07 

35.  Salina.  

August  17-04 

Quemahoning  Creek. 

36.  Near  Mouth 

October  01 

Mill  Creek. 

37.  Above  Upper  Reser- 

.\ugust  01 

voir. 

Hinkston’s  Run. 

38.  At  Reservoir 

January  02 

Black  Lick  Creek. 

39.  Black  Lick 

Oct.  16-04 

Monongahela  River. 

40.  Lock  No.  4,  

. March  1905 

Cheat  River. 

41.  Morgantown.  AA^  Va. 

. ' July  S-99 

Toughiogheny  River. 

1 

42.  Friendsville,  Md.,  . 

. .-Vugust  17-98 

43.  Confluence 

.'  Sept.  15-04 

1 

Casselman  River. 

1 

44.  Confluence 

. .1  Sept.  15-04 

1904 


Philadelphia  Bureau  of 
Water. 


Philadelphia  Bureau  of 
AYater. 


Philadelphia  Bureau  of 
Water. 


Philadelphia  Bureau  of 
AVater. 


Philadelphia  Bureau  of 
Water. 


U.  S.  G.  S'. 

U.  S.  G.  S'. 
U.  S.  G.  S. 


T-T  S G S 

Established  by  U.  S,  G. 
S.  Meter  readings  made 
by  Water  Supply  Com- 
mission. 

Pittsburg  Bureau  of  Water. 


U.  S.  G.  S. 


Established  by  Water  Sup- 
ply Commission. 
Established  by  U.  S.  G.  S. 


Cambria  Steel  Company. 
Cambria  Steel  Company. 

Cambria  Steel  Company. 


Established  by  U.  S.  G.  S. 
Re-established  by  Water 
Supply  Commission. 


U.  S.  Army. 
U.  S.  G.  S. 


U.  S.  G.  S.  „ ^ e. 

Established  by  IT.  S.  G.  S. 
Operated  since  April, 
1907,  by  Water  Supply 
Commission. 


Established  by  U.  S.  G.  S. 
Operated  since  April. 
1907.  by  Water  Supply 
Commission. 
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station. 

Established. 

Discontinued. 

Re-established. 

Direction. 

Laurel  Hill  Creek. 

Sept.  15-01 

Operated  since  April. 

1907,  by  Water  Supply 

Commission. 

Indian  Creek. 

46  

1SS)2 

1S94 

Western  Water  Company. 

Turtle  Creek. 

Oct.  31-07 

ply  Commission. 

POTOMAC  BASIN. 

Antietam  Creek. 

48.  Sharpsburg,  Md., 

Jan.  24-97 

August  26-05 

U.  S.  G.  S. 

Wills  Creek. 

49.  Cumberland,  Md.,  .. 

May  5-05 

July  15-OG 

U.  S.  G.  S. 

Monocacy  River. 

' 

1 

50.  Frederick,  Md.,  

August  4-96 

U.  S.  G.  S. 

There  is  a total  of  fifty  stations  at  11111011  l*eiiii.siivaiiia  streams 
have  been  systeniatieally  measured,  of  ivhich  ten  have  been  dis- 
continued, leaving  forty  in  operation.  Of  these,  seven  are  co-opera- 
tive with  Weather  Bureau  Biver  Stage  Observation  Stations,  and 
as  fifteen  of  the  forty  are  outside  of  the  Stati*  there  remain  twenty- 
five  stations  which  are  now  being  regularly  operated  in  Bennsyl- 
vania. 

Since  the  Commission  has  assumed  this  duty  five  new  stations 
have  been  established  through  co-operation  with  water-power  com- 
panies and  municijialities,  as  follows: 

1.  Allegheny  river  at  Aspinwall,  establislnal  May  2S,  1907. 

2.  KiskimiiKdas  river  at  Avonuior(%  established  i\lay  29,  1907, 

3.  Frankstown  Brain  h,  duniata  rivm-  at  Huntingdon,  estab- 
lished July  24,  1907. 

4.  Kaystown  Branch,  Juniata  river  at  Hawn's  Bridge,  estab- 
lished May  28,  1907. 

5.  Turtle  creek  at  East  Bittsburgh  borough,  established  Oc- 
tober 31,  1907. 

Bast  records  at  all  the  stations  enumerated  have  been  collectml 
and  arranged  in  proper  form  for  use  by  those  requiring  sindi  data. 
Data  lor  streams  at  jioiiits  outside  of  Bennsylvania  are  iiiclinled, 
where  measurements  have  been  made  of  streams  just  jirevious  to 
entering  or  after  leaving  the  8tate,  and  may  be  assumed  to  in- 
dicate closely  the  flow  entering  or  leaving  tin*  State  through  these 
channels. 

An  observation  station  consists  of  either  a graduated  board  plac(‘d 
upright  in  the  stream  on  a bridge  i)ier  or  other  convenient  point. 
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or  a cbuiu  with  weiglit  altaclied  rmmiiig  along  a graduated  board, 
placed  liorizoutall}'  in  a locked  box  on  a bridge  over  the  stream, 
the  weight  being  lowered  over  a pulley  by  the  observer  to  the 
water  surface,  and  the  length  of  the  chain  used,  read  on  the  gradua- 
tion. 

A paid  observer,  living  in  the  vicinity  of  the  gauge,  reads  the 
height  of  the  wafer  ouce,  and,  at  souo*  points,  twice  a day,  and 
more  often  during  the  flood  ])eriods.  Engineers  visit  these  sta- 
tions at  regular  intervals,  and  also  at  times  of  exceeding!}'  high 
or  low  wat<‘r,  during  ^^■hi(•h  visits  the  cross-sections  of  the  streams 
and  the  velocity  of  the  current  are  dtderiniiied  by  niet(*r  readings, 
and  Ironi  these  data  the  discharge  in  cubic  feet  per  second  is  com- 
puted, In  a few  years  it  is  possibh^  in  this  way  to  establish  a 
curve  indicating  the  discharge  in  cubic  feet  per  second,  correspond- 
ing to  any  gauge  height  of  tin*  stream,  so  that  tlu'  daily  record, 
as  reported  b}-  the  hu  al  obseivei-.  can  Ire  readily  converted  into 
discharges. 

The  luecipitation  records  at  the  nearest  rainfall  stations  are  then 
applied  to  the  watershed  above  the  gauging  station,  and  the  quan- 
tity of  water  falling  upon  it  is  deteriniried.  This  quantity  divided 
into  that  (leterniiaed  b_\'  tin*  gaugiiigs  gi\'es  the  i)ercentage  of  the 
rainfall  which  runs  off.  These  ])“rcentages  are  calculated  by  mouths 
and  years,  and  (Indr  value  dejiends  iqron  the  range  between  ver\y 
high  and  very  low  water  included  in  the  records,  while  this,  in 
turn,  depends  usually  ujion  the  length  of  the  term  of  observation. 

A few  of  the  records  at  the  stations  listed  above  have  been  ob- 
taimal  from  colleges  in  Pennsylvania,  the  actual  field  work  and 
comjmtations  having  been  niadt'  by  the  students,  under  the  super- 
vision of  instructors.  Others  have  been  furnished  by  various  eu- 
giiKMH'S  and  coiqioiations,  (he  gaugiiigs  having  been  nuide  in  con- 
nection willi  investigations  for  water  supply  and  water-power  de- 
velojunents.  The  methods  of  fi(dd  work  have,  in  every  case,  been  in- 
(juired  into  before  accejding  the  data. 

Itr  most  cases  where  measurements  have  been  made  by  engineers 
and  corporations  suiface  float  velocities  have  beeir  taken  and  the 
discharge  computed  therefrom  and  in  few  instances  have  these 
records  been  kejit  over  any  extimded  period,  and  where  stream  flow 
data  was  rcMpiiiaal  for  indusfrial  developments,  it  is  jirobable  that 
where  measurements  were  not  available,  deductions  of  flow  were 
obtained  from  rainfall  data. 

A portion  of  water  falling  upon  tlu*  earth  runs  off  over  the 
surface  into  the  streams  and  rivers,  while  another  portion  sinks 
into  the  ground,  and  is  slowly  carried  in  the  porous  strata  of 
the  earth,  often  remaining  underground  for  a considerable  period 
before  coming  to  the  siu'face  as  springs,  or  being  pumped  from 
wells.  The  quantity  of  surface  water  can  be  determined  by  rrreas- 
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uiing  the  streams,  but  the  study  of  the  underground  flow  is  a more 
complex  problem.  It  is  essential  that  th(*se  undergiound  con- 
ditions be  known,  and  that  provision  be  made  for  a thorough  study 
of  the  ground  water  resources  of  the  State,  as  well  as  of  the 
surface  w’aters. 

The  importance  of  knowledge  as  to  gTOund  waters  is  illustrated 
by  comprc'hensive  monographs  published  by  the  National  Govern- 
ment and  b^  litigation  before  the  I . S.  Su{)reme  Court  between 
the  states  of  Kansas  and  Colorado. 


Many  iiitluences  control  the  variation  of  run-off  among  streams, 
the  most  important  of  which  are  rainfall,  character  of  geology  and 
topography,  and  amount  of  forest  cover  in  the  catchmeirt  area. 

The  useful  eifect  of  rainfall  depends  upon  its  amount  and  its 
seasonal  distribution,  and  precipitation  distributed  nearly  uuiformlv 
throughout  the  year  encouragt^s  more  regular  stream  flow  than  if 
it  varies  during  the  seasons.  The  nature  of  rains,  whether  sudden 
showers  or  ]uolonged  storms,  is  also  a factor.  If  the  surface  cover 
is  deej)  soiL  sand  or  other  previous  material,  the  flow  is  more 
r-egular  and  the  minimum  higher  than  if  the  rocks  are  bare  or 
coveted  with  only  a thin  layer  of  soil.  A ])orous  material  holds 
water  gathered  during  wet  seasons,  to  distribute  it  during  dry 
periods,  resulting  generally  in  large  summer  flow  in  streams  drain- 


ing such  regions. 

If  the  drainage  basin  be  composed  of  abrupt  hillsides  and  deep 
and  narrow  valleys,  and  if  the  profile  of  the  stream  be  steep  and 
its  course  straight,  other  conditions  being  the  same,  the  stream 
flow'  will  be  more  irreguhir  tlian  if  this  area  be  more  level,  with 
a flatter  grade  in  the  streams  and  a h*ss  direct  course. 

To  illustrate  the  effect  of  such  conditions  ujion  the  run-off  of 
streams  with  diaiuage  areas  of  approximat<dy  the  same  size,  the 
records  of  the  How  of  the  Youghiogheny  and  Casselman  rivers, 
tributaries  of  the  -Monongaluda  river,  during  the  dry  season  of 
1004^  are  instructive.  These  streams  meet  at  Conlliience  draining 
adjoining  watersheds  which  extend  info  Marvland.  The  former  has 
a drainage  aiva  of  :5!»2.  and  the  latter  of  4s2.  square  miles  and  the 
rainfall  over  the  two  basins  is  practically  the  same.  During  the  drv 
season  of  1904  the  fornuu-  naiched  a low  w.ater  discharge  of  27 
cubic  feet  per  second,  equal  to  .068  cubic  feet  per  second  square 
mile  of  tributary  drainage  area,  and  the  latter  of  14  cubic  feet 
pel  second.  e(]ual  to  .029  cubic  feet  per  second  per  square  mile. 
Thus  tlie  rasselmau  river,  wivh  a drainage  basin  nearly  one-quarter 
larger  than  that  of  the  Youghioglieny  river,  shows  an  extreme  low* 
water  discharge  but  one-half  as  great. 

The  Commission  has  divided  the  stri'ams  of  Pennsylvania  into 
classes,  in  each  of  which  (ypii-a!  streams  are  being  gauged  and 
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sfu(li('(l  in  order  th:ii  the  diitu  so  ohtuined  niay  apply  to  the  other 
streams  of  that  class  with  a fair  degree  of  accuracy. 

These  records  of  stream  flow  are  of  assistance  in  determining 
the  distribution  of  water,  studying  liood  conditions,  deciding  ques- 
tions of  encroachments  on  streams,  and  of  incorporating  water  and 
water  power  companies.  Moreover,  a knowledge  of  the  dow  of 
streams  is  valuable  to  the  users  of  water  for  domestic  and  manu- 
facturing su]tply,  for  commercial  purposes,  such  as  navigation  or 
canalization,  and  for  water  powder  d('velopment,  while  the  informa- 
tion regarding  liood  discharge  assists  in  studying  the  question  of 
tiood  amelioration  and  in  designing  bridge  and  culvert  openings. 
The  distribution  of  this  information  throughout  the  Commonwealth 
should  hard  to  a more  economical  use  of  the  water  supply,  and 
materially  assist  in  the  design  of  works  which  involve  the  utiliza- 
tion of  the  water  resoiirces  of  the  State. 
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CHAPTER  VI. 


FLOODS. 

Pennsylvania  is  one  of  the  worst  sufferers  from  floods  among 
the  Eastern  States.  Provided  with  great  rivers,  it  is  not  in  posi- 
tion to  reap  full  benefit  from  them  until  the  damage  from  the 
floods  is  reduced.  None  of  the  streams,  with  the  exception  of  the 
lower  Delaware,  is  naturally  navigable  for  ships,  or  even  for  boats 
drawing  over  three  or  four  feet,  during  all  seasons  of  the  year,  and 
if  they  are  to  be  used  for  this  purpose,  navigation  must  be  arti- 
ficially improved.  To  make  such  improvements  of  permanent  value, 
floods  must  be  controlled  or  limited;  hence  this  Commission  has  been 
devoting  some  study  to  the  problem.  It  is  not  alone  the  large 
streams  on  which  damage  has  been  wrought,  for  many  of  the  smaller 
streams  overflow  their  banks  with  disastrous  results,  and  in  cer- 
tain cases  the  damage  has  been  increased  by  the  failure  of  dams 
or  embankments,  thus  releasing  the  additional  water  into  the 
already  overflowing  channel. 

In  August,  19(16,  a portion  of  the  Schuylkill  river  valley  near 
Hamburg,  Berks  county,  was  visited  by  a sudden  and  severe  rain 
storm,  the  precipitation  amounting  to  two  inches  and  causing  the 
small  streams  to  rise  rapidH,  Hooding  houses  and  industries,  and 
seriously  interfering  with  business  operations.  Kittanning,  in  Arm- 
strong county,  was  ’visited  about  the  same  time  by  a storm  of 
similar  character  with  like  results. 

On  August  3rd,  1900,  a storm  over  a limited  area  in  Schuylkill 
county  transformed  rivulets  into  roaring  torrents  which  swei>t 
many  buildings  away  and  blocked  railroad  traffic  for  twenty-four 
hours.  The  streams  affected  by  this  storm  were  such  unimportant 
fributaries  of  Swatara  creek  that  few  have  been  given  names,  yet 
in  a short  time  these  were  converted  into  waterways  fifty  or  more 
feet  in  width,  and  from  four  to  ten  feet  deep.  The  crest  of  the 
Hood  lasted  but  a short  time,  and  within  a few  hours  the  volume  of 
u ater  carried  in  the  creeks  was  reduced  to  its  normal  amount. 
In  the  interval  railroad  embankments  were  cut  away,  considerable 
track  moved  bodily  from  its  bed,  live  stock  was  drowned  and  build- 
ings  considered  far  above  fresnet  iiiHuence  were  damaged  or  moved 
by  the  rushing  water. 

On  June  < th,  1906,  the'  heavy  rainfall  throughout  the  western 
pait  of  the  State  resultc'd  in  an  18  foot  stage  at  Johnstown,  which 
submeiged  the  lo’ner  part  of  the  cit^’  and  caused  the  water  to  rise 
to  such  a height  in  Connoquenessing  creek  at  Butler  as  to  neces- 
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sitate  shiittiiiji'  down  nianiifactuvinj;’  plants,  factories  and  mills,  and 
la'scning  many  families  from  tlioir  homes.  Other  towns  in  the 
western  section  of  Ihe  Slate  snlfered  seven'  damage. 

On  Sunday,  Jnly  .Ith,  lOOo,  Ihe  \\'atei'sln‘d  of  llrnsh  creek  in  ^\est- 
nioreland  eonnty  was  snhject('d  (o  a rainfall  of  5^  inches  over  about 
G square  mih'S.  This  water  rushed  down  the  creek  valley,  tilling, 
ov(‘rllo wing  and  tc'aring  ont  a reservoir  embankment  and  sweeping 
an  electric  car  from  a bridge,  thereby  causing  a loss  of  twenty 
I'ivc'S. 

In  ISSO  the  central  porlion  of  the  city  of  Philadelidiia,  about 
Itwenly  ls(piare  miles  in  area,  was  visited  by  a storm  which  over- 
lax('d  sewers  and  Hooded  streets,  lilling  cellars  and  otherwise  cans- 
ing considerabh'  Hnancial  loss.  This  storm,  in  less  than  two  hours, 
d(']»osited  5.42  inches  of  rain.  In  this  case  the  damage  indicted  was 
iiot  dm'  to  the  Hooding  of  any  stream,  but  simi»ly  to  the  fact  that 
Ihe  sc'wei's,  allhongh  lih-erally  proi)ortion('d,  could  not  carry  off 
ih('  rain  water  as  fast  as  it  fell.  In  the  cases  noted  above  the 
strt'am  channels  wt'ic*  overtaxed,  just  as  were  the'  sewers  in  Philjii 
(h'ljihia  during  this  extraordinai-y  precipitation. 

Local  storms  of  this  character  with  results  similar  to  those  de- 
sci  ilx'd  mav  b('  ('Xj)ect('d  on  most  of  tlu'  strt'ams,  and  as  jeopulation 
and  imlnsfry  conce'iiti'ate'  in  tlu'  valh'vs  tin'  injury  inflicted  will 
increase.  Tin'  lainfall  in  a ge'in'ia.l  way  is  probably  not  changing 
from  d('cad('  to  d(*cade,  and  tlu're  is  no  re'asou  to  bt'lieve  that  short 
S('V<')'('  stoinis  ar('  more  fi'e'qiu'ut  than  foinu'rly,  but  their  eltect 
on  tlu'  strc'ams  is  apparently  more'  marke'd  them  when  eleforesta- 
lion,  agriculture'  ami  pojuilatiem  were*  h'SS  e'xtensive  ove'r  the  drain- 
age basins. 

Two  histeeric  Heroels  have*  visite*el  the'  we'ste*rn  section  of  this  Com- 
monwe*allh,  one*  note'weerthy  feer  the*  loss  e)t  life-*  it  e'aused,  and  the 
other  for  the  Hnancial  loss  which  resulted.  The  former  is  known 
as  the*  Johnste.wn  Flood,  Jum*  1st,  18S!),  and  the  latte'r  the  Pitts- 
burgh Flood,  Mai  e-li  irdh,  10H7. 

JOHNSTOWN  FLOOD. 

In  the  Johnstown  Flood  the  loss  of  life  was  greater  than  the  com- 
bineel  deaths  resnlling  from  all  othe'r  I'ecorde'd  tlooels  in  the  Btate, 
while  the  jeroperty  loss  alom*  in  Johnstown  has  se'ldom  been  ex- 
ceeded. 

The  high  water  and  Hood  conditions  were  not  confined  to  Johns- 
town and  the  streams  in  that  vicinity,  but  were  evident  over  the 
greater  part  of  this  and  adjoining  states,  the  unusually  heavy  and 
prolonged  rains  extending  over  a wide  territory.  The  calamity  at 
Johnstowm,  from  which  this  Hood  has  received  prominence,  would 
not  have  reached  such  appalling  proportions  had  not  the  impounded 
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waters  from  a reservoir  upon  the  »Soiitli  Fork  of  the  Couemaugh 
river  above  Johustowu  been  added  to  the  already  overtlowiug 
stream. 

The  immediate  cause  of  the  fearful  loss  of  life  and  property  iu 
Johnstown  and  the  Coiiemangh  valley  was  the  breaking  of  the 
South  Fork  Dam. 

The  records  show  wluit  the  extraordinary  rainfall,  averaging  (dght 
inches  in  depth  over  an  ai-ea  of  more*  than  12,0(10  square  miles, 
covering  the  mountain  pleateau  and  its  eastern  d(>clivities  from 
Johnstown  to  llai-risbnrg,  and  extending  lunthward  in  the  Snsipie- 
hanna  Basin  with  tlood  i-ains  of  less  iutmisity  in  tin*  southern  section 
of  Xew'  York  State,  within  said  basin,  beginning  on  Hay  doth,  and 
lasting  from  2-1  to  3()  hours,  was  the  great<'st  one  of  fir*  t eai'iry  in 
Beuusylvania.  This  vast  (piantity  of  water  caused  streams  to 
break  their  bounds  and  to  shape  chaiunds  anew  in  many  places, 
artificial  waterways  were  Hooded,  embankments  wm*re  washed  away, 
farms  never  before  Hooded  were  buried,  and  the  ( anals  along  the 
rivers  wmre  wrecked. 

Perhaps  the  best  and  briefest  description  of  the  damage  accom- 
j)lished  by  this  Hood  may  be  found  in  tlu'  report  of  a CoinmittiH*  of 
American  Society  of  Civil  Enigueers  ai)pointed  to  investigat(‘  the 
conditions  and  report  upon  the  cause  of  the  Hood  and  tlie  damage 
done  thereby.  The  following  are  excei-jits  from  this  report: 

‘‘On  their  passage  up  the  eastern  slope  of  the  Alle- 
gheny mountains  they  obsered  many  evidences  of  the 
magnitude  of  the  Hood,  particularly  in  the  destruction 
of  bridges.  Among  these  were  three  bridges  over  the 
Juniata  river,  on  the  main  line  of  the  Pennsylvania 
Railroad,  between  Tyrone  and  Lewdstown,  besides  a 
great  many  higlnvay  bridges.  Four  large  railroad 
bridges  over  the  West  Branch  of  the  Susquehanna 
river  w<*re  carried  away  betwiaui  Lock  Haven  and 
Suubiiry  on  the  line  of  the  Philadelphia  and  Erie  Rail- 
road, and  many  smaller  structures  were  destroyed  or 
injured  by  the  Hood.  These  were  undoubtedly  ex- 
pected to  provide  safety  for  the  jiassage  of  the  great- 
est volumes  of  waiter  of  w'hich  there  w’as  any  experi- 
ence, and  the  destruction  of  so  many  of  them  is  evi- 
dence of  the  extraordinary  character  of  the  Hood.  The 
destruction  of  one  of  the  bridges  on  tin*  .Juniata  seenu'd 
due  to  an  accnmnlation  of  di'ift,  trees,  stunqis,  and 
brush  above  it,  closing  the  waterways  and  damming  up 
the  Hood. 

“The  i‘ast('rly  boundary  of  tlu'  fS.H  square  miles  of 
watershed  supplying  the  South  Fork  reservoir  is  the 
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summit  of  the  Allegheny  mouiitaius.  The  raiufall  was 
much  gveatei-  ou  the  easterly  than  ou  the  westerly 
slope.  The  observatious  indicate  an  average  raiufall 
of  6.64:  inches  on  the  easterly  and  2.76  on  the  westerly, 
and  it  is  obvious  that  except  for  the  failure  of  the 
South  Fork  reservoir  dam,  the  damage  caused  by  the 
llood  would  have  been  less  on  the  western  than  on  the 
eastern  slope. 

“Subsequently  to  their  visit  to  the  dam,  the  Com- 
mitte  viewed  the  line  of  the  renusylvania  Kailroad 
from  South  Folk  Station  to  Johnstown,  a distance  of 
about  nine  miles.  It  follows  the  Conemaugh  river, 
which  Hows  in  a deep  A'alley.  The  average  descent  is 
about  3:l  feet  per  mile,  the  maximum  grade  being  52.8 
per  mile,  but  the  river,  being  more  circuitous,  is  about 
three  miles  longer,  its  descent  between  the  same  points 
being  substantially  rlie  same,  or  about  300  feet.  The 
rise  of  the  water  during  the  Hood  Avas  generally  about 
30  feet;  at  some  points,  hoAvever,  it  Avas  considerably 
more.  The  Hood  Avaslnal  aAAay  all  the  bridges  between 
South  Fork  Station  and  Johnstown,  except  the  stone 
bridge  near  the  Cambria  Iron  Works,  and  nearly  all  the 
embankments  and  a great  part  of  the  tracks.  The 
greatest  destruction  Avas  Avithiu  about  Ha’c  miles  of 
JohnstOAvn.  The  streams  on  both  sides  of  the  moun- 
laiii  range  had  risen  rapidly  during  the  night  between 
Thursday  and  Friday,  but  the  waters  on  the  eastern 
slope  had  reached  their  Hood  height  earlier  ou  Friday 
morning  than  those  on  the  Avestern  slope.  Nearly  the 
entire  Avorking  force  of  the  Western  Division  of  the 
1‘ennsylvania  Ifailroad  had,  therefore,  been  sent  to  the 
^fiddle  Division,  and  Avere  scattered  along  the  Juniata 
and  Susciuehanna  rivers,  Avhen  the  breaking  of  the 
South  Fork  Reservoir  dam  on  Friday  afternoon  sud- 
denly caused  the  destruction  of  the  railroad  in  the 
Conemaugh  Valley  Avith  a fearful  loss  of  human  life 
and  in  the  annihilation  of  private  property  amounting 
in  Auilue  to  millions  of  dollars.  All  the  means  of  com- 
munication betAV'-en  the  inundated  sections  of  the 
country  had  been  destroyed,  and  the  only  reliable  line 
of  access  for  the  immediate  relief  to  the  flooded  dis- 
districts  in  the  vicinity  of  Johnstown  was  from  the 
Avest.  When  on  Saturday  morning  the  full  extent  of 
the  disaster  became  knoAvn,  prompt  measures  were  at 
once  adopted  by  the  public  autltorities  and  voluntary 
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organizations  for  the  r(‘lief  of  the  sufferers  and  for 
substantial  assistance  to  the  distressed. 

“We  are  informed  by  the  Secretary  of  the  Flood 
Itelief  Commission  that  their  records  to  Jannary  11th, 

1890,  show  that  there  are  known  to  be  lost  in  the  Cone- 
mangh  Valley  by  the  Hood  of  Itlay  31st,  last,  “,“80  per- 
sons. Bodies  are  recovered  from  time  to  time  as  ex- 
cavations are  made*  in  the  debris,  and  it  is  possible 
that  a number  of  jiersons  may  have  been  drowned  of 
whom  there  is  no  trace,  as  there  was  a considerable" 
floating  jeopiilation  in  the  Valley,  but  from  the  best  in- 
^ formation  we  can  obtaiii,  we  think  the  total  loss  of  life 
by  the  flood  did  not  exceed  2,500.  We  have  found  it  im- 
practicable to  obtain  deflnite  infoi-mation  of  the  loss  of 
property  caused  by  the  flood,  but  as  the  result  of  recent 
iiKjniries  of  persons,  in  official  }iositions  and  having 
the  best  opportunities  of  knoAving,  Ave  estimate  the  loss 
by  individuals  and  corporations  as  betAveen  three  and 
four  millions  of  dollars." 

The  flood  Avas  most  seA'ere  on  the  streams  draining  the  eastern 
slope  of  the  Allegheny.  Bridges  Avere  destroyed  on  the  Juniata  and 
Susquehanna  riA'ers,  and  the  canals  bordering  these  streams  Avere 
damaged  beyond  repair,  it  Avould  be  impossible  to  estimate  aj)- 
proximately  the  financial  loss  along  these  streams.  None  of  the 
Avestern  rivers  reached  unprecedented  height  excejit  the  Cone- 
maugh. 

The  Couemaugh  river  and  Stony  creek  before  the  breaking  of 
the  dam  Avere  at  a high  stage,  submerging  the  greater  part  of 
the  city  of  Johnstown  under  about  four  feet  of  Avater,  and  pre- 
venting residents  escaping  from  their  houses.  ^^'hen  the  dam 
broke  the  water  previously  held  behind  it,  being  added  to  the  already 
SAvollen  streams,  increased  to  tAvelve  feet  the  depth  of  the  Avater 
over  the  city,  and  the  loss  of  life  amounting  to  nearly  2,5flfl  in  and 
aiouud  JohnstoAA’u  aauis  tlu*  result  of  (he  sudden  onrush  of  this 
great  body  of  Avater,  Avhich  gaA’e  no  opportunity  for  tlu*  victims 
to  take  refuge  on  higher  ground.  The  property  loss  in  this  region 
was  estimated  as  between  .f3,fl()(l,fl(lfl  and  $-f,()(K),()()().  A maximum 
late  of  run-off  of  2(10  second  fei't  per  S(]uare  mile  from  the  48.6 
square  miles  of  drainage  area  above  the  South  Fork  dam  Avas 
determined  by  the  American  Society  of  Civil  Engineers  Committee 
to  haAm  been  the  discharge  at  the  dam  previous  to  its  destruction. 

PITTSBURG  FLOOD. 

The  flood  of  .March  14th  and  15th,  19(»T,  the  Avorst  the  Bittsburg 
region  has  experienced,  is  remarkable  in  many  Avays,  The  height 
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of  all  throe  rivers,  Ailej-lienv,  iMonoiigahela  and  Ohio,  at  their 
juiietiou  at  Pittsburg,  was  greater  than  previously  recorded,  while 
the  dauuige  to  property  and  estimated  losses  are  reported  as  ex- 
ceediug  that  done  at  any  oue  i)oiut  by  tloods  in  Pennsylvania.  The 
entire."  lower  portions  of  both  Pittsburg  and  Allegheny  were  under 
several  feet  of  water  for  many  houi-s.  Industry  was  at  a stand- 
still, railroads  tloodc'd  and  street  cars  put  out  of  operation. 

The  extraordinary  height  of  the  rivers  at  Pittsburg  was  caused 
chieily  by  Hoods  in  the  Monongahela  river,  coincident  with  high 
water  in  the  Allegheiiy.  The  latter  strc'aiu,  however,  was  not  at 
unprecedented  height  tor  the  stage  of  24. (!  I'ccorded  at  Fi'ceport,  25 
miles  abov("  Pittsburg,  had  b(‘eu  prt'viously  exceeded,  the  maximum 
tlood  recorded  iu  the  last  thirty  years  having  been  eight  feet  higher 
than  that  on  March  15th,  PltlT.  The  Kiskiminetas  river  was,  how- 
ever, nearly  to  record  height,  and  was  resi)0]isible  for  the  stage 
reached  by  the  low(‘r  ^Mh'gheny.  The  Youghiogheuy  river  w’as  at 
unprecedented  height  and  was  largely  responsible  for  the  great 
Ikxnl  in  the  lower  Monongahela  river. 

Continuous  warm  rains  :tnd  the  melting  of  considerable  depth 
of  snow  concentrated  ov(‘r  the  region  drained  by  these  two  tribu- 
taries, and  extending  mor<‘  or  less  continuously  over  the  whole 
western  section  of  the  State,  was  the  original  cause  of  the  flood, 
whih"  the  (h'forested  condition  of  the  watershed  of  the  Kiskiminetas 
and  the  Youghiogheuy  probably  assisted  a rapid  run-oif  and  coii- 
se(iuent  high  stage. 

Since  no  remarkable  or  extraordinary  conditions  caused  this 
flood,  and  since*  the  Clarion  (a  most  variable  stream),  Kiskiminetas 
and  the  Youghiogheuy,  drain  Imt  4,S25  sepiare  miles,  out  of  a total  of 
IS, 500  sipuire  miles  tributary  to  the  Allegheny  and  Monongahela 
I'ivers  at  I'ittsburg,  or  only  20  per  cent,  of  the  total  area,  (on 
which  three  streams  besides  the  long  continued  rain,  a very  con- 
siderable but  not  unprecedented  amount  of  mc'lting  snow  oc- 
curred) the  possibilities  of  the  future,  when  conditions  existing 
over  the  whole  are  similai-  to  those  which  prevailed  over  this  20 
per  cent.,  are  not  reassuring.  The  tributary  drainage  basins  of 
the  other  streams  in  this  region  are  not  so  depleted  of  forests  or 
so  highly  developed  industrially  as  those  feeding  the  Kiskiminetas 
and  Youghiogheuy  rivers,  but  the  tendency  is  in  that  direction. 

It  is  well  again  to  reiterate  and  emphasize  that  in  this,  the 
greatest  and  most  disastrous  flood  from  a financial  view  point 
which  Pennsylvania  has  experienced,  none  of  the  usual  elements 
that  cause  floods  was  predominant.  There  was  not  heavy,  long 
continued  rain,  it  was  not  extraordinary  wmrm  for  the  season  of 
the  yea]*,  causing  unusual  rapid  melting  of  the  snow,  there  was 
not  a record  breaking  depth  of  snow  on  the  ground,  and  the  rivers 
were  not  seriously  choked  by  ice  gorges. 


PI.  AT  10  7. 

Mouth  of  MoiioiigiilK‘l,a  Itivcf  at  IMtlshufg  during  Hood  of  Mandi,  1907. 
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PLATE  12. 

ruitle  Creek,  at  East  Pittsburg,  Allegheny  County,  during  flood  of  March,  1907.  High  stage  in  creek  caused  by  back  water  from  Monongahela  River. 
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That  greater  Hoods  may  be  expected  at  Pittsburg  is  suggested  by 
a comparisou  of  the  records  of  the  Ohio  and  >>us»piehauua  rivers. 
These  two  streams  drain  at  Wheeling,  ^V.  Va.,  and  at  Harrisburg, 
Pa.,  respectively,  23.800  and  24,030  square  miles,  areas  approxim- 
ately equal.  If  coiiditioiis  of  rainfall,  forest  cover,  topography, 
geology,  development  and  industry  were  alike  in  the  two  basins. 
Hood  discharges  approximately  e(pial  at  these  two  points  might  be 
expected.  The  Susquehanna  drainage  basin  is  subject  to  a rainfall 
of  41  inches,  while  the  Ohio  basin  receives  41,2  inches.  The  topo- 
graphy does  not  dilfer  essentially,  each  stream  having  certain 
tributaries  leading  from  the  glaciated  areas  and  regulated  by  lakes, 
ponds  and  swamps,  and  both  draining  the  sides  of  the  Allegheny 
mountains,  through  other  tributaries.  The  records  show  that  the 
great  rain  of  May  and  June,  1889,  resulting  in  a run-off  at  Harris- 
burg, in  the  Susquehanna  river,  of  29.2  cubic  feet  per  second  per 
square  mile.,  while  during  the  Hood  of  March,  1907,  the  Ohio  at 
Wheeling  reached  but  20  cubic  feet  per  second  per  scpiare  mile. 
What  a discharge  of  30  cubic  feet  per  second  per  square  mile  at 
Pittsburg  would  mean  in  damage  and  loss  of  life  cannot  be  foretold. 

Table  Ao.  22  shows  the  stage  of  the  three  rivers  at  Pittsburg, 
and  at  points  above  and  below,  during  this  Hood  for  two  days 
before  and  three  days  following  the  arrival  of  the  crest  at  Pitts- 
burg. The  pre^  ious  maximum  stage  recorded  at  each  station  is 
also  given  to  show  the  relative  height  reached  during  the  Hood  of 
1907,  as  compared  with  that  during  the  greatest  i)revious  Hood.  On 
the  Allegheny  river  at  Herr’s  Island,  and  on  the  Monongahela 
river  at  Pittsburg,  the  1907  Hood  exceeded  all  othei*,  being  2.7  feet 
higher  on  the  Allegheny  river  and  3.9  feet  higher  on  the  Mononga- 
hela river  than  the  previous  maximum  stage  recorded.  It  will  be 
noticed  that  the  Allegheny  river  at  Freeport,  the  Conemaugh 
river  at  Johnstown,  the  Kiskiminetas  river  at  Salina,  and  the 
Monongahela  river  at  Lock  No.  4,  have  all  been  higher  during  past 
Hoods  than  they  were  during  that  of  March,  1907. 
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The  highest  water  in  the  large  rivers  of  I’eiiusylvaiiia  usually 
occurs  in  January,  February,  ^larch  or  April,  with  an  occasional 
hood  during  the  other  months  of  the  year.  Of  the  102  high  water 
periods  noted  below  on  the  Delaware,  Susipiehanna,  Allegheny  and 
Monongahela  rivers,  IJ.T  per  cent,  occurred  in  January,  23. o per 
cent,  occurred  in  February,  24. o per  cent,  in  March  and  11.7  per 
cent,  in  April.  This  is  due  in  larg'e  measure  to  the  melting  snow 
over  the  tributary  drainage  area,  ice  gorges  and  the  saturated  con- 
dition of  the  soil.  Some  gcuieral  intluence  acting  over  a large 
area  must  exist  in  order  to  cause  extraordinarily  high  water  in  a 
great  river,  and  it  is  seldom  that  a heavy  rain,  like  that  of  May 
and  June,  l.SSO,  prevails  over  such  a vast  territory.  The  Moiiga- 
hela  river  rose  to  its  greatest  flood  height  on  July  11th,  18.S8,  as  a 
result  of  heavy  rains  and  the  Voughiogheny  at  (\)nllueuce  on  August 
21st,  1888,  but  such  instances  are  exceptional. 

RECORDS  OF  NOTABLE  FLOODS. 

Extraordinary  circumstances  may  occur  accompanied  by  unavoid- 
able calamity  of  which  no  ade(piate  warning  can  be  given  4)y  State 
or  National  authoiity,  but  reasonable  precaution  may  be  taken  to 
safeguard  life  and  property  from  ordinary  Hoods.  Before  adoi)t- 
ing  protective  measures  it  is  essential  that  a thorough  knowledge 
of  the  ])ast  performances  of  streams  should  be  known,  and  Ix'cause 
the  subject  of  flood  preventions  is  a new  ome  this  Commission  has 
thought  it  advisable  to  make  a thorough  statement  of  the  floods 
in  the  main  rivei-  valleys  of  Pennsylvania;  so  certain  facts  with 
reference  to  the  Delaware,  Schuylkill,  Susciiiehanna,  North  and 
AVest  Branches,  the  Allegheny,  Monongahela  and  the  Ohio  rivers 
are  herein  given. 

DEL.XWARE  RIVER. 

The  following  table.  No.  23,  taken  from  page  (ij,  AVater  Sui)ply 
and  Irrigation  Paper  No.  1(;2,  shows  the  gauge  height  and  discharge 
of  the  Delaware  river  at  Lambertville,  N.  J.,  during  largest  floods 
from  178G  to  1905: 
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TABLE  No.  23. 

Floods  on  Delaware  River  at  Lambertville,  N.  J. 
(Drainage  Area,  6,855  square  miles). 
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16.0 

14.0 

14.0 

12.0 

14.5 

14.6 
20.0 
14.0 

17.6 

175.000 

140.000- 160,001 

115.000 

115.000 

140.000- 150,000 
140,000-150,000 

254.600 

140,000-150,000 

207.000 

223.600 

109,100 

87,250 

158,300 

171.700 

103.700 

250.000 

1301  ! 

1814  

1836  April,  

1843  October  13,  

1900  March  2,  

12.0 

18.9 
20.2 
13.6 
24.5 
15.1 

11.9 

19u3  March  1,  

IfiOJ  February  22,  

1905  March  28,  

86,220 

(a)  Heights  given  fur  1786  to  1846  are  heiglits  above  low  water.  See  report  New  Jersey  Geo- 
logical Survey  for  1894,  vol.  3,  p.  235:  and  Report  of  Chief  Engineer  U.  S.  Army  for  1873,  App. 
U.  p.  19.  Discharges  have  been  computed  from  the  gauge  heights  given. 

(b)  Due  to  ice  gorges. 

According  to  the  records  appearing  in  the  above  table  the 
greatest  Hood  on  this  stream  since  1786  occurred  January  tth,  1841, 
during  which  the  rate  of  How  was  254,600  second  feet,  or  37.1 
second  feet  per  square  mile  of  drainage  area.  The  largest  in  recent 
years  was  the  Hood  of  October,  1903,  the  rate  on  the  11th  being 
250,000  second  feet.  The  storm  that  produced  this  flood  on  the 
Delaware  river  caused  an  unprecedented  Hood  on  the  Passaic  river, 
in  northern  New  Jersey.  The  table  indicates  more  frequent  floods 
on  this  stream  since  1900,  which  is  due  partly  to  the  fact  that 
sincel  1897  daily  record  of  the  river  stage  has  been  kept,  so  that 
all  floods  are  recorded,  while  previous  to  that  date,  only  data  of 
floods  of  magnitude  were  preserved. 

Floods  on  this  stream,  although  frequent  in  occurrence,  have  not 
caused  such  extensive  losses  as  freshets  on  other  rivers  in  the 
State,  owing  probably  to  the  fact  that  the  densely  populated  por- 
tion of  the  valley  of  this  stream  is  near  its  mouth,  where  the 
river  is  broad,  and  hence  its  height  less  affected  by  the  quantity 
of  water  passing.  On  the  upper  part  of  the  stream  the  banks  are 
generally  high,  and  towns  and  industries  ha^m  usually  been  located 
ofllt  of  reach  of  all  but  exceptionally  high  water,  but  during  the 
flood  of  October,  1903,  severe  losses  wmre  caused.  It  will  be  noticed 
from  the  above  and  succeeding  records,  that  extremely  high  stages 


PLATE  9. 

Delaware  River  at  Matamoras,  Pike  County,  during  flood  of  March  1902.  This 
bridge  was  carried  out  by  the  flood  of  Octoljer,  1903. 


I 
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are  of  less  frequent  occurrences  on  the  Delaware  than  on  the  Sus- 
quehanna or  Ohio  rivers. 


SCHUYLKILL.  RIVER. 

The  valley  of  the  Schuylkill  river,  the  largest  tributary  of  the 
Delaware,  has  been  subject  to  repeated  inundation  as  indicated  by 
Table  No.  24,  wliich  shows  the  Hood  record  at  Fairmont  dam,  on 
the  Schuylkill  river  in  Philadelphia: 


TABLE  No.  24. 

Floods  on  Schuylkill  River  at  Fairmount  Dam.  Philadelphia,  Pennsylvania. 
(Drainage  area,  1,915  square  miles). 


Date. 


<D 

rt  C 
4=  O 
O O 
— 


18,045 

21.798 

IP  0fl1 

U-OJ 

February  23  

1901 

25.744 
24,025 
29  002 

1902 

37  901 

150 

30  180 

1903 

29,874 
19.520 
29,986 
27  210 

October  10 

1904 

January  23 

Februars'  22 

22.810 

36,180 

29,49) 

30.190 

23.160 

27,025 

19,978 

March  8 

September  15 

1905 

January  7,  

March  21 

1906 

June  19 

The  greatest  flood  during  the  terms  of  this  record  was  that  of 
March  1st,  1902,  when  the  discharge  reached  the  rate  of  42.9 
cubic  feet  per  second  per  square  mile  of  tributary  drainage  area, 
a volume  twice  as  great  as  that  during  any  other  flood  of  which 
data  has  been  obtained.  Heavy  losses  were  caused  to  railroads, 
canals,  municipalities  and  manufacturing  plants  throughout  the 
entire  valleys.  The  next  largest  flood,  January  22nd,  of  the  same 
year,  had  a discharge  only  half  as  great  as  that  in  March.  Closely 
approaching  that  of  January  22nd,  1902,  was  the  flood  of  March  8th. 
1904.  The  flood  of  March,  lOOfi,  reached  a height  of  14  feet  above 
its  normal  level  at  Pottstown,  inundating  the  city  and  cutting 
off  its  communications  with  other  points  by  washing  out  rail- 
roads, trolley  and  wagon  roads,  and  carrying  away  bridges.  In  this 
storm  the  rainfall  in  the  vicinity  of  Pottstown  reached  3 inches 
during  the  afternoon  and  evening  of  March  3rd,  but  the  flood  did 
not  assume  extraordinary  proportions  at  Philadelphia.  The  regi- 
men of  the  Schuylkill  river  has  been  seriously  affected  by  de- 
forestation in  the  coal  regions  around  its  headwaters,  and  as  a 
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result  the  congested  ]K)|ui]atioii  and  industries  in  its  valley  have 
suffered. 

SUSQUEHANNA  RIVER. 

The  following  table,  Ko.  2.'),  shows  (lu'  daily  stage  and  rate  of  flow 
of  th(‘  8us(juehanna  river  at  Harrisburg,  during  the  floods  that 
have  occurred  from  1805  to  1907: 


TABLE  No.  25. 

Floods  on  Susquehanna  River  at  Harrisburg*,  Pennsylvania,  1865-1907. 
(Drainage  area,  24,030  square  miles;  danger  line  17  feet  gauge  height). 


im 

I860 

iS7r> 

1875 

1878 

1881 

1881 

18S4 

1886 

1886 

1886 

1886 

1889 

1891 

1894 

1898 

1901 

1902 

1903 

1904 

1905 


Date. 


’S 

K 

OJ 

to 

S 

cj 

C 


'O 

G 

O 

o 

OJ 

Ul 


to 


oj 


May  14 

(a) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

C70,000  to  735,000 
234, 500 

540,720 

March  18  

14 

16  5 

18  5 

18 

14 

19  o 

April  2 

14  5 

14.5 

26.1  (b) 
19  0 

May  22,’  

25.6 

March  24 

15.6 

244.740 

21.4 

404.800 

23.9 

483,760 

276,500 

16.8 

23  3 

15.7 

283.700 

(a)  Approximately  the  same  as  during:  the  hood  of  June,  1889. 

(b)  Stages  from  private  records  of  William  A.  Kelker,  Harrisburg,  Pa. 


Five  ]iIienou!cnal  floods  are  recorded  in  table  No.  29,  those  of 
IMarcli,  1805,  .June,  IS.sfl,  Jlay,  1894,  iMarch,  1902,  and  March,  1904. 
Three  of  these,  in  ]\larch,  were  due  to  I'apid  melting  of  snow  and 
lo  ice  gorges,  and  the  other  two,  occurring  later  in  the  year,  w'ere 
due  to  rainfall  alom*.  The  flood  of  .Tun(‘,  1889,  when  a large  part  of 
the  city  of  Harrisburg  was  under  water,  had,  at  that  point,  a 
maximum  i-ate  of  disclmige  of  from  28  to  .90.0  second  feet  per  square 
mile  of  drainage  ari'a.  The  storm  causing  this  flood  was  general 
ovei'  a large  portion  of  the  State  and  lasted  about  thirty-four  hours, 
during  which  time  from  four  to  nine  inches  of  rain  fell  on  the  drain- 
age basin.  This  flood  reached  a stage  of  3.3.5  feet  above  low  water 
at  Williamsport  on  the  West  Branch,  while  the  highest  stage  at 
that  point  during  the  flood  of  1805  w'as  27  feet.  The  Chemung 
river,  a tributary  of  the  North  Branch  of  the  Susquehanna,  with 
a drainage  area  of  2,055  square  miles,  reached  a maximum  rate  of 
flow  at  Elmira  on  June  1st,  of  67  second  feet  per  square  mile.  No 


PLATE  10. 

Ice  flow  on  Susquehanna  River  at  Harrisburg  during  flood  of  March,  1904. 


71 


authentic  record  is  available  of  the  height  of  the  river  during  the 
Hood  of  March,  18(55,  but  old  residents  state  that  it  reached  about 
the  same  proportions  as  that  of  June,  1880. 

The  flood  of  1004,  at  Harrisburg,  was  remarkable  for  the  extent 
»of  the  ice  How  as  w'ell  as  for  the  height  reached  by  the  water. 
The  primary  cause  of  this  Hood  was  the  breaking  up  of  the  ice  in 
January  without  enough  water  Hewing  to  force  it  dowui  the  river. 
Gorges  were  formed  at  various  points  along  the  stream  and  its 
branches,  wdiich  were  solidifled  by  exceptionally  cold  weather  in 
the  following  month.  When  the  Hnal  break  came  these  gorges 
were  augmented  and  acted  as  dams,  impounding  a large  quantity 
of  water.  On  March  6th  and  7th  there  were  heavy  rains  all  over  the 
drainage  area,  and  on  March  Gth,  the  resulting  Hoods  broke  through 
the  various  barriers,  and  finally  forced  the  big  gorges  at  Highspire 
and  Bainbridge,  wiping  out  islands  and  doing  much  damage  in 
its  course.  After  the  flood  subsided  at  York  Haven  the  gorge 
moved  to  Turkey  Hill,  where  it  stood  for  several  hours  and  backed 
the  water  to  within  a few  feet  of  the  Oolumbia  bridge.  This  gorge 
in  turn  gave  way  and  moved  to  Shenks  Ferry  where  it  gorged  for 
the  last  time.  Although  it  held  lu're  for  only  a few'  moments  it 
raised  the  w’ater  and  ice  6 feet  above  tin*  railroad  tracks  at  Safe 
Harboi*,  completely  destroying  the  stone  arch  bridge  and  leaving 
ice  throughout  the  village  to  the  height  of  the  second  story  win- 
dows. 

The  elevation  of  the  crest  of  the  flood,  as  compared  with  the  .June 
flood  of  1889,  varied  in  height  along  its  course  as  shown  by  Table 
No.  26: 


TABLE  No.  26. 

Oomparison  of  Heights  of  Floods  of  1889  and  1904  on  Susquehanna  River. 


Location. 


d > 

— 

ht  CS  ^ 
■1'  00 


Remai  ks. 


311.7 

309.5 

307.7 
30.5.3 

300.8 

299.7 
292.4 
280.0 

283.7 

306  4 

304  8 

296  8 

290.4 

York  Haven.  

277  5 

276  0 

Goose  Run 

272.0 

270.0 

Oi‘>  ^ 

271.0 
243.9 
237.4 

230.1 
210.8 

Columbia 

Washington 

231.0 

229.0 

Cresswell  Station 

Safe  Harbor 

York  Fhirnace . .. 

McCall  Ferry,  

Head  of  Cullys  Falls,  

2.2  ft.  lower  in  1901. 

1.3  ft.  higher  in  1904. 
0.5  ft.  higher  in  1904. 

4.0  ft.  higher  in  1904. 

9.3  ft.  higher  in  1904. 
14.9  ft.  higher  in  1904. 

13.0  ft.  higher  in  1904. 
10.2  ft.  higher  in  1904 

0.8  ft.  higher  in  1904. 

1.0  ft.  higher  in  1904. 
1.6  ft.  higher  in  1904. 

6.4  ft.  higher  in  1904. 

6.1  ft.  higher  in  1904. 
3 ft.  higher  in  1904. 
S ft.  higher  in  1901 
3 ft.  low'er  in  1901 
About  the  same  In 

1904  as  in  1889. 
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With  the  flood  wave  <-aine  a large  ainoniit  of  ice  from  3 to  10 
feet  ill  thickness,  as  shown  by  (he  blocks  left  on  the  shores.  Owing 
to  the  cross  currents  in  (he  river  the  greater  portion  of  the  ice  went 
down  on  the  \ ork  county  side,  and  it  was  on  this  side  that  most  of 
it  was  left  jdled  u]»  on  the  shores.  The  channel  on  the  Lancaster 
county  shore  soon  (deared  itsidf,  and  but  little  ice  accumulated  upon 
that  bank  except  at  certain  spots. 

Tile  gorge  at  Turkey  1 1 ill  broke  in  the  afternoon  of  the  8th, 
and  the  water  reached  a maximum  height  at  McCall  Ferry,  re- 
ported as  1(!1.3  feet  above  sea  level  on  the  Lancaster  county  side, 
and  1.59.8  feet  on  the  York  county  side.  Within  half  an  hour  from 
the  time  the  maximum  height  was  reached  the  water  had  fallen 
from  2 to  3 feet,  and  on  tin*  morning  of  March  0th  it  had  fallen  15 
feet.  Betwi'en  Shenks  Fmry  and  Port  Deposit  no  more  ice  jams 
were  formed,  and  the  ice  passed  through  the  channel  of  the  river 
very  rapidly  and  caused  but  little  damage. 

The  full  effect  of  the  flood  on  the  main  stream  was  not  felt  below 
Sunbury,  being  restrained  by  the  big  gorges  at  Kipps  Run,  Cata- 
wissa  and  Nanticoke,  which  held  several  days  longer.  It  was  at  its 
worst  in  Wyoming  ^^alley  on  the  9th,  doing  much  damage  to  Ply- 
mouth, Wilkes-Barre  and  Pittston. 

A rough  estimate  of  the  damage  caused  by  this  ilood  has  been 
placed  at  -f 8, (100, 009  involving  property  as  far  up  the  river  as  Pitt- 
ston city.  The  damage  to  State  bridges  alone  was  reported  at 
1800,000. 

The  cable  gauge  stations,  about  ^-mile  above  McCall  Ferry,  offered 
a good  opi)Ortunity  for  determining  the  amount  of  water  flowing 
at  the  maximum  stage.  At  this  point  two  cables  are  stretched 
across  the  river  80  feet  a])art,  and  at  the  time  of  tihe  flood  the 
sun  was  shining  in  line  with  these  and  bright  enough  to  cast  their 
shadows  on  the  white  ice,  thus  enabling  the  determination  of  vel- 
ocity at  this  point  with  considerable  degree  of  accuracy.  The  voi- 
ocity  was  measured  in  four  different  portions  of  the  river  and 
several  individual  observations  were  made  in  each  portion.  Ac- 
cording to  this  measurement  the  mean  velocity  was  11.0  feet  per 
second  and  the  river  discharge  was  031,000  cubic  feet  per  second. 

The  report  of  the  Pennsylvania  Canal  Commissioners  for  1833 
states  that  the  flood  of  .May  14th,  1833,  was  one  of  the  highest 
known  in  the  Susquehanna  river  for  many  years.  The  North 
Branch  rose  at  Wilkes-Barre  28  feet  above  low  water  and  covered 
the  canal  for  9 miles  down  from  Nanticoke  dam,  carrying  away  a 
lock  house.  On  the  West  Branch  the  water  rose  to  an  unusual 
height,  making  two  breaches  in  the  canal.  Below  Sunbury  several 
bridges  were  destroyed  and  Shamokin  dam  at  Sunbury  was  en- 
dangered. Penns  creek  which  comes  in  from  the  North,  G miles 


PLATE  11. 

Middletown,  Dauphin  County,  during-  flood  in  Susquehanna  River 

of  March , 1904. 
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below  the  dam,  rose  suddenly  and  swept  away  the  canal  embank- 
ment at  its  mouth.  Below  Suiibury  the  damage  was  slight.  The 
repairs  to  the  canals  made  necessary  by  reason  of  the  damage 
caused  by  this  flood  occupied  one  month. 

WEST  BRANCH  SUSQUEHANNA  RIVER. 

Floods  have  been  a vital  question  at  Williamsport,  on  the  West 
Branch  of  the  Susquehanna  river,  so  much  damage  resulting  that 
in  1895  a commisisoii  was  appointed  which,  after  a thorough  in- 
vestigation, made  a report  to  the  city,  recommending  means  for 
the  protection  of  that  city  against  floods.  This  commission  was 
assisted  by  examinations  made  by  Major  Raymond,  Corps  of  En- 
gineers, United  States  Army,  and  the  late  L.  Y.  Shermerhorn,  Civil 
Engineer.  The  commission  found  that  “an  annual  charge  of  |5.()0 
per  lot  or  less  (in  the  city  of  Williamsport)  for  a limited  number  of 
years  will  guarantee  perpetual  immunity  from  floods  carrying  five 
feet  more  of  water  than  the  highest  one  ever  known,’’  bnt  no  action 
was  taken  on  the  part  of  the  city  to  carry  out  these  recommenda- 
tions. 

The  greatest  floods  on  the  West  Branch  of  the  Susquehanna  river 
were  in  1805  and  1889,  and  table  No.  28  exhibits  the  height  of  the 
water  at  various  points  on  this  stream  during  these  periods.  That 
of  1805  was  caused  by  the  rapid  passing  away  of  snow  and  ice  after 
a severe  winter,  and  its  amjilitude  was  probably  increased  by  ice 
gorges.  The  flood  of  1889,  which  exceeded  all  preceding  flood  limits, 
was  due  to  the  heavy  rain  of  'May  31st  and  June  1st,  which  caused 
the  Johnstown  flood.  The  principal  parts  of  the  cities  of  Lock 
Haven  and  Williamsport  were  under  from  four  to  eight  feet  of 
water,  and  along  the  West  Branch  78  lives  are  known  to  have  been 
lost.  No  attempt  was  made  to  secure  even  the  approximate  esti- 
mate of  the  financial  damage  resulting  from  this  flood. 

Table  No.  27  shows  the  dates  of  and  heighfs  reached  by  the 
largest  floods  in  the  l\'est  Branch  at  Williamsport.  The  heights  of 
the  floods  of  1865  and  1889  are  taken  from  the  Williamsport  Flood 
Protection  Report,  p.  12,  and  the  zero  upon  which  they  are  based 
is  probably  a few  feet  lower  than  that  of  the  permanent  gage  estab- 
lished in  1896,  from  which  the  rest  of  the  table  is  measured.  These 
two  floods  were,  therefort*,  recorded  several  feet  higher  than  they 
would  have  been  had  they  been  referred  to  the  zero  of  the  present 
age. 
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TABLE  No.  27. 

Floods  on  West  Branch  of  the  Susquehanna  River  at  Williamsport. 
(Drainage  area  5,640  square  miles). 


6 

Date. 

u 

x: 

cS 

0) 

CO 

X 

p 

1SG5 

March, 

1889 

June 

1.  . 

1S96 

Mar. 

31. 

1898 

Mar. 

24, 

19(i<) 

Nov. 

27, 

19I>1 

Apr. 

00 

May 

30. 

Dec. 

15. 

1902 

Mar. 

0 

.\pr. 

10.  . 

I9e3 

Feb. 

4.  . 

Mar. 

1.  .. 

1901 

Mar. 

4.  . 

Mar. 

24. 

Ajtr. 

0 

1905 

Mar. 

20. 

27.0 

33.5 

13.9 

76,800 

21.0 

162,600 

17.0 

110,100 

15.2 

89,900 

14.0 

77,500 

20.17 

150,900 

21.38 

164, 100 

16.6 

105,500 

16.0 

93.100 

17.07 

110,700 

19.0 

135,100 

18.0 

124,000 

16.8 

107,800 

18.4 

130,000 

TABLE  No.  28. 

Stages  of  Floods  of  1865  and  1889  along  the  West  Branch  of  the  Susquehanna 

River.* 


JZ 

1 

^ . 

o 

c 

<0 
<y-M 
> C(j 

s 

O fe 

o 

^ > 

Locality. 

u 

CM 

o 

0) 

V 

.2  >> 

c 

s 

> 5 

(ft 

5 

March,  1865 

June.  1889 

8 

20 

31 

30 

37 

49 

27 

33.  b 

75 

14 

18 

10 

17 

♦From  Williamsport  Flood  Protection  Report,  p.  12. 


NORTH  BRANCH  SUSQUEHANNA  RIVER. 

Tlie  follnwintr  table  shows  the  daily  stage  and  rate  of  flow  of 
the  North  Iti’anch  of  tlu*  Snsqnehanna  river  at  ilkes-Barre  during 
the  large  floods  that  have  occurred  from  1899  to  1907 : 


* 
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TABLE  No.  29. 

Floods  on  the  North  Branch  of  the  Susquehanna  River  at  Wilkes-Barre. 
(Drainage  area  9,310  square  miles). 


q) 

Date. 

Gauge  Height. 

Discharge. 

Year. 

Date. 

Gauge  Height. 

* 

Discharge. 

1S99 

Apr.  10,  

14.2 

49,600 

1902 

Mar. 

2.  

30.75 

217.700 

Apr.  15,  

14.3 

50,100 

Mar. 

18 

20.20 

97,100 

1900 

Jan.  22 

16.85 

68,800 

Dec. 

23,  

It'.bD 

75.100 

Feb.  23 

16.1 

63,200 

I9t:i3 

Mar. 

1 

20.4 

98.900 

Mar.  2 

17.75 

75,900 

Mar. 

2.5,  

21.16 

lf:6,100 

Nov.  28,  

20.75 

102,200 

Oct. 

11,  

21.25 

106,900 

1901 

Mar.  12 

18.80 

84,700 

1904 

Jan. 

24 

18.20 

79,600 

Mar.  28 

21.40 

108,400 

Feb. 

9 

25.30 

•75,100 

Apr.  8 

18.05 

78,400 

Mar. 

9 

30.6 

*108  700 

Apr.  22,  

18.10 

78,800 

Mar. 

27,  

22.9 

123,400 

May  31 

17.55 

74,300 

1905 

Mar. 

26 

23.4 

130. 3fX) 

Dec.  16 

26.75 

166,300 

1906 

Apr. 

1 

17.7 

79,000 

•Discharges  reduced  50  per  cent,  on  account  of  ice  gorges. 


The  valley  of  the  North  Krancli  of  the  Susquehanna  has  suffered 
more  in  recent  3’ears  from  flood  disaster  than  the  main  stream 
or  the  West  Itranch,  the  greatest  damag'e  occurring  usiialh’  between 
Wilkes-Barre  and  the  forks  at  Northumberland.  The  citi’  of  Wilkes- 
Barre  has  been  repeatedh'  inundated,  and  municipal  and  federal 
authorities  have  made  investigations  looking  toward  relief,  without 
remedial  results.  The  conditions  in  this  stream  are  probably  the 
result  of  deforestation  and  conditions  similar  to  those  in  the  Schuid- 
kill  drainage  basin.  Even  in  a record  over  such  a short  term  as 
the  above  an  increase  in  the  height  of  floods  and  in  the  frequenc.v 
of  extraordinary'  stages  is  apparent.  The  greatest  floods  on  this 
stream  were  those  of  March,  1902,  and  March,  1904,  during  which 
two  floods  11,300,000  worth  of  bridges  and  millions  of  dollars  of 
])roperty  were  destroyed. 

ALLEGHENY  RIVER. 

The  following  table  shows  the  daily  stage  of  the  Allegheny  river 
at  Freeport  during  the  large  floods  that  have  occurred  from  1S71 
to  1906  inclusive: 
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TABLE  NO.  30. 

Floods  in  Allegheny  River  at  Freeport. 


Date. 

Stage. 

Jan. 

8.  1874  

18  6 

Apr. 

3.  1875!  

20.8 

19.6 

19.0 

23.0 

27.  1875 

Feb. 

12,  1876,  

Dec. 

11.  1878 

12  1879 

99  7 

Feb. 

13.  1881 

20  6 

10,  1881  

29.4 

28.  1882,’  

23.0 

Feb. 

5,  1883  

30.5 

Feb. 

17.  1883 

20.0 

Feb. 

6,  1884 

30.0 

13.  1881 

21.0 

6.  1886  

20.0 

Feb. 

12.  1887,  

24.0 

Feb. 

18  1891 

32.7 
22  .'5 
22.0 

Feb, 

May 

8.  1893,  

IS,  1893 

May  24,  1894, 
Apr.  10.  1895, 
Mar.  31.  1896. 
Mar.  24,  1898, 
May  24.  1900. 
Nov.  27.  1900. 
Apr.  21,  1901, 
Dec.  16.  1901. 
Mar.  1,  1902,  . 
July  4,  1902,  .. 
Feb.  5,  1903,  .. 
Mar.  1.  1903.  . 
Jan.  23.  1904, 
Mar.  8.  1904,  , 
Apr.  2.  1904, 
Mar.  20,  1905, 
Mar.  15,  1907. 


Date. 


Stage. 


24.5 

20.6 
20.2 
25.3 


22.1 

21.7 
23.0 
21.4 

28.8 


20.0 

23.5 

23.0 
21.2 
23.9 

25.6 

32.0 

24.6 


As  shown  by  tliis  table,  the  greatest  floods  on  this  stream  at  Free- 
jiort  were  tliose  of  June  10th,  1S81;  February  5th,  1883;  Febrnarj 
6th,  1884;  February  16th,  1801;  March  1st,  1002;  January  23rd, 
1004;  March,  1005  and  March  15th,  1007;  but  the  latter  flood,  which 
reached  a stage  of  24.6  feet  at  Freeport,  had  been  exceeded  by  nin'" 
previous  floods  during  the  term  of  the  record.  Table  No.  31  show's 
the  height  rcaiched  during  the  1005  flood  at  various  points  of  the 
wat('rshed  of  the  Allegheny  river. 


TABLE  NO.  31. 

Stages  along  Alleglieny  River  during  Flood  of  March  18-31,  1905. 


‘-'d 

Ih’  rt 

2;ph 

z 

u 

O 

> Cij 
•'-pH 

S . 

Date. 

(V 

K 

- 

c 

11 

o 

a 

6 

3 

O 

.c 

C.2 

o 

- 

<V 

£ 

5 

O 

o 

March  IS,  i 

10.0 

4.2 

6.5 

1.4 

7.4 

6.4 

16.8 

11.4 

5.0 

10.8 

7.6 

31.2 

17.6 

11.6 

5.8 

16.0 

8 8 

28.5 

14.9 

11.7 

4.0 

11.0 

9.0 

26.3 

14.1 

11.1 

3.8 

9.6 

7 0 

21.5 

12.3 

9.9 

2.8 

7 7 

5.4 

18.0 

11.1 

9.6 

2.0 

6.8 

4.5 

17.4 

11.0 

9.6 

16.8 

10.8 

9.7 

17.5 

10.4 

9.9 

March  28  

18.0 

10  3 

9.8 

15.0 

9.4 

9.3 

13.0 

8.6 

8.8 

11.8 

7.9 

8.2 

(a)  United  States  Weather  Bureau  Station. 

(b)  Maximum,  32  feet. 


port  were  those  of  June  10,  1881;  February  5,  1883;  February  6, 


I 
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At  Freeport,  at  the  mouth  of  the  Kiskimiiietas  river,  a height 
of  32  feet  was  recorded  ou  March  20th,  1005,  which  was  only  0.7  feet 
below  the  highest  water  recorded  at  that  point  during  33  years 
which  the  records  have  been  kept;  this  highest  water  being  ou 
February  18th,  1891.  During  the  flood  of  18()5  the  water  rose  to 
a height  of  21  feet  at  Oil  City,  134  miles  above  Pittsburg,  while 
during  the  flood  of  March,  1905,  it  reached  a height  of  17.6  feet. 
At  Kittanniug,  Armstrong  county,  the  tOiited  States  Oeological 
Survey  has  maintained  a gaging  station,  which  showed  during  the 
flood  of  1905  a maximum  discharge,  on  March  20tli,  of  240,900  cubic 
feet  per  second  in  the  Allegheny  river.  At  this  time  the  gauge 
height  was  28.8  feet,  which  was  26.5  feet  above  ordinary  low  water, 
and  was  only  6 or  8 inches  below  the  height  reached  by  the  flood 
of  1865.  The  maximum  rate  of  discharge  reached  27.7  cubic  feet 
per  second  per  s(]uare  mile  over  its  drainage  area  of  8.690  square 
miles.  The  Ohio  river  at  Davis  Island  dam,  five  miles  below  Pitts- 
burg reached  its  maximum  recorded  height  previous  to  the  flood  of 
March,  1907,  during  the  flood  of  February,  1894,  which  flood  rose 
to  32.3  feet  at  this  point.  During  the  flood  of  Itlarch,  1905,  the 
height  of  27.1  feet  was  recorded  at  Davis  Island  dam. 

MONONGAHELA  RIVER. 

The  following  table  gives  the  daily  rate  of  flow  of  the  :\Ionon- 
gahela  river  at  Lock  No.  4,  during  all  the  large  floods  from  1886  to 
1907,  inclusive: 


TABLE  NO.  32 

Floods  on  Monongahela  River  at  Lock  No.  4. 
(Drainage  Area,  5,430  square  miles.) 


Date 


be 

P 

cS 

O 


cd 


IblSo  Ai^ril  1 

April  7,  

May  15,  

1587  February  4. 

; February  27, 

1588  July  11 

1S8J  February  18, 

June  1 

ISIM)  February  L’l, 
March  23,  ... 
October  14,  .. 

1891  January  3.  . 

February  11. 

1892  January  15, 

1893  January  30,  . 

1895  January  8,  . 

1890  July  31,  

1897  February  23, 

1898  January  11, 
March  2.5,  ... 

189!)  March  0,  ... 

1900  November  27. 

1901  April  21 

December  16, 

1902  January  28. 

March  1 

December  14, 

1903  February  17, 

March  1,  

1905  January  12, 
March  11.  ... 
March  22,  ... 
1907  March  14,  .. 


27.0 

92,600 

26.0 

85,800 

24.3 

75,600 

31.0 

120,600 

28.0 

99,600 

42.0 

207,000 

27.0 

92,600 

25.0 

79,800 

23.5 

70,»00 

31.8 

126,200 

24.3 

75,600 

31.3 

122,700 

24.0 

73,800 

28.5 

103,100 

23.5 

70,800 

30.0 

113,600 

25.3 

81,600 

36.0 

159,000 

23.9 

73,200 

24.7 

78.000 

26.9 

91,900 

33.8 

141.400 

25.5 

82,800 

28.5 

103,100 

25.9 

85,200 

29.5 

110,100 

26.2 

87,000 

28.4 

102,400 

32.5 

131,100 

24.3 

75,600 

29.3 

108,700 

27.2 

94,000 

27.4 

♦172,000 

♦Estimated. 


The  gi-eatest  lleod  (luiing  llu*  leiiii  of  this  veeovd  was  that  of 
July  fltli,  1888,  wlien  a stage  of  42  feet  was  reached,  resulting  from 
a heavy  rain  of  conii)aratively  short  duration,  causing  a discharge 
of  207,000  cubic  feet  per  second,  which  was  at  the  rate  of  38.1 
second  feet  per  s(piare  mile.  The  flood  of  March  l.oth,  1907,  caused 
by  rain  and  melting  snow,  the  second  greatest  flood  at  this  point, 
reached  a stage  of  37.1  feet.  The  third  greatest  flow  was  that 
of  Fohrnary  23rd-21th,  1897,  when  a 30  foot  stage  was  reached,  fur- 
nishing a flow  of  159,000  second  feet,  or  29.3  second  feet  per  square 
mile. 


OHIO  RIVER  FLOODS  AT  PITTSBURG. 

The  following  table,  No.  .33,  gives  the  stages  reached  by  the  floods 
at  Pittsburg  from  1872  to  1907  inclusive.  High  water  at  this  point 
results  from  floods  in  the  Allegheny  or  in  the  Monongahela  river,  or 
from  coincident  floods  in  both.  By  comparison  with  the  table  of 
floods  on  those  rivers  it  will  be  seen  that  large  floods  at  Lock  No. 
1 and  at  Freeport  did  not  always  result  in  correspondingly  high 
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water  at  Pittaburg,  and  that  some  of  the  most  serious  floods  at 
the  latter  point  were  not  extraordinarily  high  farther  up  ou  the 
rivers. 


TABLE  NO.  33. 

FLOODS  AT  PITTSBURG. 

Junction  of  Ohio,  Allegheny  and  Monongahela  Rivers. 
(Drainage  Area,  18,500  square  miles.) 


9J.. 

h 

Date.  - 

1 

Gauge  Height. 

Year. 

Date. 

Gauge  Height. 

1 

1872 

19.0 

1891 

Feb.  IS  

31.3 

1873 

20.2 

1892 

22 . 9 

Dec.  14  

24.5 

1893 

Feb.  8 

23.1 

1874 

22.2 

1894 

1875 

20.5 

1895 

25  7 

21.0 

20.2 

20  8 

IS9fi 

20.6 

1876 

Sept.  19  

20.8 

1897 

Feb  24'  

28.9 

1877 

22.1 

1898 

Mar  24  

28  5 

1878 

Dec.  11,  

23.4 

1899 

Mar.  6 

22.0 

1880 

Feb.  14  

21.6 

1900 

Nov.  27 

27.7 

1881 

Feb.  13i  

21.5 

1901 

Apr  8 

21.0 

25.1 

27.4 

1882 

21.5 

25.8 

1S83 

Feb.  8.' 

26.8 

1902 

30.3 

20.7 

20.6 

1884 

Feb.  6.  

31.9 

1903 

Jan.  31 

20.8 

1885 

Jan.  17,  

22.0 

Feb  5 

23.5 

1886 

20.2 

28.9 

Apr.  l',  

22.2 

1904 

30.0 

1887 

Feb.  12  

21.9 

26.5 

1888 

21.3 

21.9 

July  li 

21.3 

1905 

29.0 

1889 

21.8 

1907 

23.5 

1890 

Mar.  24,  

22.5 

Mar  15  

25.8 

1891 

Jan.  3,  

23.0 

Six  great  floods  have  occurred  at  Pittsburg;  namely,  those  of 
February,  1884;  February,  1891;  March,  1902;  January,  1904;  March. 
1905;  and  March,  1907;  and  it  will  be  noticed  that  four  of  these 
have  come  in  the  last  six  years.  During  the  Hood  of  1904  it  is 
re]>orted  that  about  |1, 000, 000  worth  of  property  was  destroyed  in 
Western  Pennsylvania  and  Eastern  Ohio.  The  flood  of  1905  re- 
sulted from  the  rapid  melting  of  snow  from  March  10th  to  20th,  and 
a rain-fall  of  1.25  inches  in  two  days.  Ice  gorges  also  assisted  in 
raising  the  height  of  this  flood. 

Table  No.  3.3  shows  that  from  1872  to  1890,  19  years,  the  25  foot 
stage  was  exceeded  but  three  times,  while  in  the  17  years  following, 
this  stage  was  exceeded  thirteen  times. 

In  some  localities  in  the  State  the  maximum  flood  record  estab- 
lished many  years  ago  has  not  been  exceeded,  but  the  high  stages 
are  much  more  frequent  in  latter  years,  each  flood  approaching 
if  not  exceeding  the  previously  established  high  water  mark.  This 
is  more  marked  on  some  of  the  western  rivers  where  the  records 
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cover  a long  term  of  years  and  extend  back  over  a period  when  ex- 
tensive deforestation  was  in  progress  over  their  watersheds. 

STATE  EXPENDITURES. 

Since  1897  the  Coniinonwealth  has  expended  large  sums  of  money 
in  rebuilding  county  bridges  which  have  been  destroyed  by  floods. 
The  Act  under  which  this  work  is  done  was  approved  June  3rd,  1895, 
and  amended  April  21st,  1903.  Up  to  June,  1907,  a total  of  |2, 839, 809 
had  been  paid  by  the  State  under  its  provisions.  Since  1899  there 
has  been  exiiended  |!4()0,()00  a year  merely  for  the  repair  of  damage 
done  by  floods,  which  represents  the  interest  on  110,000,000  at  4 
per  cent.  Had  this  .fl0,000,000  been  applied  in  seven  years  to  work 
for  the  control  of  (he  floods  it  is  fair  to  assume  that  by  this  time 
the  annual  cost  for  bridge  repairs  and  damage  to  property  and 
industries  along  the  rivers  would  have  been  reduced.  The  latter 
damage  exceeds  many  times  the  cost  of  bridges  and  should  be 
materially  reduced.  Table  No.  35  shows  a total  of  nearly  .12,000,000 
ex[)ended  upon  the  Suscpiehanna  and  tributaries,  about  70  per  cent, 
of  which  was  for  structures  on  the  North  Branch  above  Sunbury, 

TABLE  NO.  34. 

Annual  Expenditure  by  State  in  Re-Building-  County  Bridges  Destroyed  by 

Floods. 


Tear. 

Expenditure. 

$83,300 

9,500 

36,750 

26,810 

966,150 

68,300 

1,093,831 

527,065 

105,994 

•1,500,000 

$4,417,783 

IfHM,  

1905  

Total 

♦Appropriated  in  1907  for  two  years. 

TABLE  NO.  35. 

Annual  Expenditure  by  State  on  Susquehanna  River  in  Re-Building  County 

Bridges  Destroyed  by  Floods. 


Tear. 

Expenditure. 

$83,300 

9,600 

26,800 

539,500 

14.000 
472,300 
527,065 

40.000 
122,000 

1903  

1905 

1907,  

Total,  

$1,834,465 
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TABLE  NO.  36. 

Expenditure  by  State  in  Rebuilding-  County  Bridges  Destroyed  by  Floods — 

Classified  by  Rivers. 


1. 

2. 

$213,700 
357  700 

3. 

3S  701 

4. 

Susquehanna  river,  below  forks,  all  on  tributaries: 

$14,000 

121,500 

72,700 

70,100 

Conestoga  creek,  

278,200 

5. 

177,700 

$151,200 

6. 

151,000 

7. 

North  Branch  Susquehanna  river,  total  for  main  stream  and  tributaries, 

6S0.200 

1.297,800 

s. 

221,800 

65,600 

36  700 

9. 

None. 

10. 

11. 

202, 8t0 

107,800 

23,700 

81,3';0 

RUN-OFF. 

Floods  result  from  rapidly  melting  snow,  sudden  local  rains 
commonly  known  as  “cloud  bursts,”  ice  gorges  and  other  obstruc- 
tions which  cause  a rise  in  the  streams,  long  continued  rains,  and 
a combination  of  rain  and  melting  snow.  8mall  streams  may  rise 
suddenly  with  sharp  local  showers,  (piickly  assuming  Hood  pro- 
portions, while  a large  river  nearby  may  show  little  change.  To 
materially  effect  the  height  of  water  in  a large  stream  conditions 
existing  over  a considerable  portion  of  its  drainage  basin  or  some 
obstruction  to  its  flow  are  necessary. 

The  United  States  Weather  Bureau  maintains  stations  upon  the 
larger  streams  of  the  State,  where  daily  record  of  the  river  stages 
are  made.  These  records  have  been  read  at  37  points  in  Pennsyl- 
vania, and  at  4 jtoints  immediately  without  the  State.  At  Pitts- 
burgh and  Freeport  on  the  Allegheny,  Confluence  on  the  Youghio- 
gheny,  and  Harrisburg  on  the  t'usciuehanna,  these  records 
cover  over  thirty  years,  while  at  other  jioints  they  extend  over 
shorter  terms.  This  Commission  is  collecting  records  of  stream 
discharges  at  each  of  the  17  measuring  stations  whieh  have  been 
from  time  to  time  established  in  this  Commonwealth.  Some  of 
these  stations  are  coincident  with  those  of  the  'Weather  Bureau  es- 
tablished by  the  Fedcrtil  (lOvei-nment  for  the  purpose  of  forcasting 
th(“  coming  of  floods,  with  a view  towards  reducing  the  loss  of  life 
and  destruction  of  juojiertv  occasioned  thercdiv,  and  in  those  tlu' 
records  of  that  organization  are  not  duplicated.  Data  covering  past 
years  are  studied  and  from  thi.s  knowledge  indications  of  the  com- 
ing of  floods  shown  by  the  river  stage  are  telegraphed  from  the 
stations,  giving  warning  to  shippers  and  to  industries  bordering 
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the  streams,  allowing  prei)arati()ns  to  be  made  for  the  protection 
of  these  interests.  These  records,  when  i)lotted  and  arranged  in 
form  for  comj)arison  and  study,  are  of  value  in  devising  means  for 
the  conlrol  of  Hood  waters.  Tables  have  been  prepared  of  the  dates 
and  heights  of  the  extreme  Hoods  on  rivers  in  Pennsylvania,  and 
through  them  the  character  of  the  streams  is  shown.  All  other 
available  records  of  this  nature  have  been  collected  and  plotted  in 
Hiagramatic^  form  by  the  rommission. 

The  most  satisfactory  and  accurate  method  of  stating  the  stream 
How  is  in  cubic  feet  of  water  flowing  each  second(  from  each 
scpmre  mih'  of  I Ik*  tributary  drainage  area,  as  by  this  means  com- 
parisons upon  a unit  liasis  can  be  made  between  streams.  The 
Hood  run-off  i)(*r  sijuare  mile  decreases  as  the  tributary  drainage 
area  increases. 

The  following  taVdes,  Nos.  37,  38  and  39,  show  certain  extraordin- 
ary  rates  of  run-otf  from  small  streams  in  New  York  during  1905. 
supplemented  by  data  collected  from  various  sources  for  Pennsyl- 
vania and  New  Jersey  streams. 


TABLE  NO.  37. 

Rates  uf  Flood  Run-off  on  Small  New  York  Streams. 


stream  and  Place. 


■a 
c ^ 

0 —1 
or: 
4)  H 

w 

1 

h 

So* 


3 a 


2 <V 
CQ 


Mill  brook  near  Edmeston.  N.  T 
Mad  brook  near  Sherbourne.  N. 
vStarch  Factory  creek  near  Utica, 
Starch  Factory  creek  near  Utica. 
Six  Mile  creek  near  Ithaca,  N.  Y 


9.4 

Sept.  3-4, 

241 

Y..  

5.0 

Sept.  3-4, 

262 

N.  Y 

3.4 

Sept.  3, 

209 

N.  Y 

3.4 

June  21, 

190 

4G.0 

.Tune  21, 

195 
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TABLE  NO.  38. 

Rates  of  Flood  Run-off  on  Small  Pennsylvania  Streams. 


stream  and  Place. 


-73 

C oi 
m 


u C 

in 

g u 
3 ft 


South  Fork  Conemaugh  river  at  South  Fork  Reservoir, 

Burgoon  Run  at  Altoona  Reservoir 

Brush  creek,  near  Jeanette,  Westmoreland  Co 

Perkiomen  creek  at  Frederick 

Neshaminy  creek,  

Tohickon  creek,  

Spring  creek 


48.6 

June 

1,  89, 

200 

8.0 

June 

1,  89, 

400 

6.0 

July 

5, 

1903, 

160 

152 

Feb. 

28, 

1902, 

116 

139 

Feb. 

6, 

1896, 

136 

102 

Feb. 

28, 

1902, 

139 

11.6 

Feb. 

15, 

1908, 

260 

TABLE  NO.  39. 

Rates  of  Flood  Run-off  on  New  Jersey  Streams.* 


Stream  and  Place 


Passaic  river,  

Raritan  river,  

Ramapo  river,  

Wanaque  river 

PequanncM:k  river 

Rockaway  river,  

Pompton  river  at  Pompton  Plain, 


♦Geological  survey  of  New  Jersey,  1894. 


Table  No.  40  summarizes  the  maximum  hood  flows  per  square  mile 
at  the  gauging  statio^ns  on  the  principal  rivers  of  Pennsylvania,  and 
illustrates  tl?e  reduction  in  run-oft'  per  square  mile  with  the  in- 
crease in  area  of  drainage  basin. 
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TABLE  NO.  40. 

Rates  of  Flood  Run-off  on  Principal  Rivers  of  Pennsylvania. 


Stream  and  Place. 
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Delaware  river  at  Lambertville,  N.  J 

North  Branch  Susquehanna  river  at  Danville.  ... 
West  Branch  Susquehanna  river  at  Williamsport. 

Susquehanna  river  at  Harrisburg.  

Juniata  river  at  Newport 

Allegheny  river  at  Kittanning,  

Ohio  river  at  Wheeling,  W.  Va 

Chemung  river  at  Elmira,  N.  Y 

Monongahela  river  at  Lock  No.  4,  Penna.,  

Youghiogheny  river  at  Confluence,  Pa.,  

Schuylkill  river  at  Philadelphia,  Pa 


6, 8dd 
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59.0 

1,915 
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1902, 

42.9 

Tlie  above  inforiiiation  has  been  inserted  in  this  report  for  ready 
reference  to  those  ninniciiialities  which  may  become  engaged  in 
the  study  of  local  measures  for  the  prevention  of  floods. 

DISCUSSION. 

In  New  York  a State  Commission  made  studies  of  methods  for 
reducing  freshet  damage,  based  upon  surveys  and  detailed  reports 
with  refei’ence  to  the  im])rovement  of  conditions  on  individual 
sti'earns,  some  of  which  works  are  being  carried  out.  In  New  Jersey 
the  recommendation  of  a flood  commission  for  a large  storage 
reservoir  for  flood  jircvention  on  the  Passaic  river  will  probably 
be  followed  by  the  early  constrnction  of  works  involving  the  ex- 
penditures of  several  million  dollars.  In  some  westdim  states 
storage  reservoirs  have  been  constructed  to  catch  and  hold  the 
melting  snows  of  spring  and  distribute  the  stream  flow  evenly 
throughout  the  year,  for  irrigation  purposes  as  well  as  for  flood  pre- 
vention. Vast  sums  have  been  ex])ended  on  the  Mississippi  river 
in  confining  the  stream  within  its  banks  in  times  of  flood,  by  the 
constrnction  of  dikes,  straightening  the  channel,  etc.,  and  in  March. 
1907,  President  Roosevelt  recognized  the  gravity  of  the  situation 
in  the  United  States  by  the  appointment  of  a Commission,  one  of 
whose  duties  is  the  study  of  floods  and  methods  of  their  prevention 
and  alleviation.  Some  of  the  great  rivers  of  the  European 
have  also  been  improved  for  the  prevention  or  reduction  of  flood 
damage  and  for  navigation. 

RECOMMENDATIONS. 

This  Commission  recommends  the  placing  of  the  flood  control 
work  under  the  direction  of  a central  State  authority,  to  prepare 
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a coniprolipiisive  scIipqip  of  co-operation  and  concerted  action  by 
mnnicipalities  and  public  and  private  corporations.  Protective 
measures  such  as  dikes,  walls,  local  straightening  of  channels,  etc., 
sometimes  effective,  fail  in  that  they  do  not  reach  the  source  of  the 
trouble.  The  State  should  lead  the  way  toward  correcting  as  far 
as  possible  the  causes  of  the  Hoods. 

Certain  flood  conditions  may  be  ameliorated  by  the  reforestation 
of  the  denuded  forest  areas  of  the  State,  by  the  construction  of 
extensive  storag'e  reservoirs  upon  tributaries  of  rivers,  and  bj 
straightening,  widening  and  dcH'pening  stream  channels.  I5y  such 
means  it  may  be  possible  to  prevent  the  increasing  frecpiency  and 
damage  of  floods,  but  such  works  must  necessarily  be  extensive. 
Dams  impounding  large  (juantities  of  water  would  have  to  be 
erected;  the  flow  from  them  to  he  so  controlled  that  at  periods 
when  floods  might  be  expected,  the  reservoirs  would  be  at  least 
partially  emptied  and  ready  to  receive  the  flood  water.  The  first 
work  of  this  nature  in  the  State  is  soon  to  be  commenced  at  Harris- 
burg, where  considerable  damage  has  resulted  from  the  floods  iu 
Paxton  creek,  a stream  which  passes  through  the  city,  draining  an 
area  of  23  scpiare  miles.  Plans  are  being  prepared  by  the  city  for 
the  construction  of  a storage  reservoir,  to  be  located  about  five 
miles  above  the  creek  mouth,  to  catch  and  hold  the  flood  flow,  with 
gates  so  operated  as  to  allow  the  passage  of  a more  unifoi-ni  (luantity 
of  water  throughout  the  year. 
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CHAPTER  VII. 


WATER  POWER. 

Under  the  general  laws  establishing  and  defining  the  duties  of 
the  Water  Supply  Commission,  all  cdiarters  of  water  power  com- 
j'uuies  must  receive  its  approval  and  under  the  Act  approved  May 
2Slh,  1907  (P.  L.  299),  detail  plans  and  specifications  and  such  other 
information  and  data  as  may  be  rcMpiired,  of  any  dam,  wall,  wharf, 
etc.,  to  be  erected  or  extended  in  or  along  any  public  or  navigable 
river  or  stream  heretofore  declared  a public  highway,  Avithiu  the 
Commonwealth,  shall  be  submitted  to  and  approved  by  the  State 
\Vater  Supply  Commission. 

Since  the  oiganizalion  of  this  (Commission  in  June,  1905,  seven 
charters  for  hydro-electric  companies  have  been  granted,  involving 
a dev(dopment  of  approximately  20,000  horse-power.  These  charters 
are  for  the  construction  of  central  power  stations  on  the  Susque- 
hanna rivei',  or  its  tributaries,  for  the  sup}>ly  of  electrical  energy 
at  i»oints  Avithin  a ladius  of  25  to  50  miles  of  the  source  of  power. 
Since  1895,  Avhen  (he  Ceneral  Corporation  Act  of  1874  Avas  amended 
to  admit  of  the  foi'ination  of  Avater  poAver  companies,  there  have 
been  7:i  such  cori)orations  organized.  Their  charters  cover  muni- 
cipal districts  in  all  parts  of  the  State,  but  the  majority  are  located 
in  the  Central  and  Eastern  parts. 

These  companies  have  imrchased  or  merged  Avith  one  another  to 
a considerable  extent,  the  records  shoAving  5 mergers,  iiiA'olving 
ft;  charters;  and  tAvo  consolidations  by  purchase  of  rights  and 
franchises,  involving  8 charters.  Of  the  73  charters  issued,  but 
17  have  been  found,  by  the  investigations  of  the  Commission,  to  be 
generating  and  distributing  power  by  virtue  of  the  rights  so  granted. 

Prior  to  1900  ten  Avater  jiower  comjianies  only  had  been  incor- 
jiorated.  In  the  years  1900  and  1901  lifU'en;  in  1902,  twenty-one; 
and  in  1903  and  1904,  fifteen  companies  Avere  incorporated.  The 
lai'ge  number  orgauiz(*d  in  1902  Avere  for  proposed  operations  on 
the  loAver  Susquehanna  river,  some  of  Avhich  Avere  subsetpiently 
absorbed  by  larger  companies. 

In  the  earlier  development  of  the  State  many  mills,  furnaces 
and  industrial  plants  Avere  located  Avith  a view  to  the  utilization 
of  the  fioAving  streams  for  mechanical  power.  In  later  develop- 
ment, owing  to  th(‘  augmented  capacity  of  and  to  the  relative  cheap 
ness  of  coal  as  fuel  for  the  generation  of  steam  poAver,  the  wate  r 
j)Ower  plants  decreased  in  numbers  and  many  of  them  were  entirely 
abandoned.  There*  are,  hoAveAmr,  over  1,500  Avater  power  privileges 


PLATE  13. 

Typical  abandoned  water  power  mill,  Pequea  Creek,  Lancaster  County. 
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in  operation  in  the  State  today,  principally  on  the  secondary 
streams. 

Recent  strides  in  the  knowledge  of  economic  transmission  of 
electric  currents  make  it  possible  to  develop  such  power  at  a dis- 
tance and  transmit  it  many  miles  to  the  consumers;  and  there  may 
be  expected  in  Pennsylvania  a material  increase  of  applications  for 
charters  for  hydro-electric  power  companies. 

There  are  few  natural  water  falls  of  magnitude  on  the  larger 
streams  of  Pennsylvania.  The  prohles  of  tin'  rivers  are  compara- 
tively straight  liiu'S  broken  by  rirties,  and  occasionally  by  large 
rajiids;  as  at  Bethlehem  on  the  Lehigh;  Foul  Rift  and  the  falls 
above  Ti’enton  on  the  Delaware  river;  Cullys  Falls  and  Conewago 
Falls  on  the  Suscpiehanna;  Ohiopjle  on  the  Youghiogheny ; and 
Beaver  Falls  on  the  Beaver  river.  Therefore,  to  obtain  the  re- 
quired head  upon  the  powmr  wheels,  it  is  necessary  to  build  dams, 
wing-walls  or  long  canals,  by  which  the  natural  slope  of  the  stream 
may  be  concentrated  at  one  point.  In  this  manner  much  of  the 
water  power  available  on  the  streams  of  Pennsylvania  must  be 
generated,  and  the  examination  of  the  plans  for  such  projects 
will  be  an  important  part  of  the  work  of  this  Commission. 

There  existed  at  one  period  a considerable  amount  of  water  power 
developed  along  the  canals  in  Pennsylvania.  Mill  owners  rented 
ihe  privilege  of  developing  power  from  various  canal  owners  and 
built  mills  at  locks  and  overtiow  points  along  the  banks  of  the 
canal,  using  the  fall  at  the  lock,  or  from  the  canal  level,  to  that 
of  the  stream  whose  bank  the  canal  followed.  tYith  the  abandon- 
ment of  the  State  canals  the  water  powers  thereon  have  been 
destroyed,  although  some  on  the  existing  canals  are  still  in  opera- 
tion, and  are  being  enlarged,  as  on  the  Ltdiigh,  Schuylkill,  and  Bi  is- 
tol  and  Easton  canals.  When  the  water  resources  of  the  State  have 
been  thoroughly  developed,  it  will  necessarily  include  many  water 
power  plants. 

The  Commission  invites  attention  to  the  fact  that  at  the  time 
provision  was  made  for  the  establishment  of  State  Forest  Reserva- 
tions, one  of  the  advantages  expected  to  accrue  was  the  preserva- 
tion and  protection  of  the  streams  rising  in  or  traversing  such 
reservations.  It  has  been  found  impossible,  however,  for  the  Stat« 
to  grant  the  right  t(»  cross  these  lands  with  tlunies,  conduits,  canals, 
roads,  transmission  lines,  or  to  hood  any  part  of  them  for  water 
storage  purposes.  An  incor})orated  water  power  coinpany  reciuested 
the  right,  and  offered  payment  therefor,  to  condnet  a huuie  or  canal 
through  State  Forest  lands  along  the  Little  .luniata  river,  by 
which  means  a high  head  could  h.ave  been  obtaimal  for  the  devcdoj)- 
ment  of  water  power  from  that  stream.  It  was  ascertained  that 
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the  Forestry  Eeservation  Commission  had  no  authority  under  the 
law  to  grant  such  a right.  During  the  past  year  two  water  power 
propositions,  which  involved  the  hooding  of  some  State  Forest  lands, 
were  disapproved  on  similar  grounds. 

This  Commission  recommends  that  if  the  General  Assembly 
should  determine  it  to  be  requisite  for  the  fullest  and  best  develop- 
ment (d  the  water  pow(‘r  now  going  to  waste  in  the  State  Forest 
Keservations  to  ]»ermit  and  provide  for  the  construction  of  storage 
reservoirs  and  api)urtenances  therein,  this  work  should  be  done 
under  the  sui)ervision  and  subject  to  the  approval  of  the  proper 
State  departments. 
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